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ABSTRACT
STUDIES ON THE BIOLOGY OF STRIGA ASPERA (SCROPHULARIACEAE) IN
NIGERIA.
Emmanuel Iz ika Aigbokhan 
Old Dominion University, 1998 
Co-Directors o f  Advisory Committee: Dr. L. J. Musselman
Dr. D.K. Berner
Studies on Striga aspera are few and little information exists on its relationship with the 
morphologically similar and much studied S. hermonthica. Both species are sympatric in 
West Africa and if  they hybridize, may serve as virulent gene reservoirs for each other.
The primary focus o f this study was on the biology o f S. aspera in Nigeria. The research 
focussed on its distribution, phenology, cytology, hybridization, seed dormancy, viability and 
germination in relation to S. hermonthica. Related studies involving the hybrids include 
genetic and morphological variability, pathogenicity and the simultaneous dual infection o f 
a maize plant by both species.
In Nigeria, Striga aspera was less widespread than S. hermonthica and native grasses 
growing along road borders were their common host. A new procedure developed for 
counting mitotic chromosomes in Striga established new chromosome counts o f  n=18 for 
Striga aspera and n=19 for Striga hermonthica. Hybridization success between both species 
ranged from 68 to 95%. Seed derived from all crosses were viable, germinable and was 
pathogenic on maize. Reduced viability and germination o f seeds from the hybrids suggest 
that the two species were not 100% compatible.
Similarity between Striga aspera and S. hermonthica was 55% genetically and 50% 
morphologically. The F, hybrids were morphologically intermediate to the parents, but
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
showed closer genetic affinity to their respective maternal parents. Morphological analysis 
o f wild and hand-pollinated populations grouped some F, hybrids with samples from the wild 
population suggesting that hybrids may exist in nature.
The pathogenicity o f  Striga aspera (SA), S. hermonthica (SH) and their F, hybrids on 
maize in order o f decreasing aggressiveness was as follows: SH/SA > S. aspera > S. 
hermonthica > SA/SH. This differential aggressiveness on maize suggests that hybrids may 
be a source of virulent strains in Striga populations. Both species can parasitize a maize plant 
simultaneously.
Striga aspera and S. hermonthica were biologically closer than earlier envisaged. Their 
ability to cross successfully suggests that their separation at the species level may be too 
complete. A separation at the subspecies level seems more plausible. The aggressiveness of
S. aspera on maize implies that it is a  potential threat to future maize production in Africa.
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CHAPTER I 
OVERVIEW OF THE RESEARCH PROBLEM 
The genus Striga (Scrophulariaceae) is probably the most insidious pest to African 
agriculture. Striga parasitizes its hosts by attaching to their roots by means of a haustorium 
that diverts water and nutrients from the host to the parasite.
Most studies on Striga biology have been done mainly on two economically important 
species: Striga hermonthica Del. (Benth.) and Striga asiatica L. (Kuntze). Both species are 
parasitic on cereal crops and are endemic to Africa and Asia respectively. A third species, 
Striga gesnerioides Willd. (Vatke) is commonly associated with leguminous hosts in Africa.
Certain Striga species like Striga aspera Willd. (Benth.) have received less research 
attention because they attack non crop plants and, therefore, are considered unimportant 
(Musselman and Parker 1983). Striga aspera superficially resembles S. hermonthica and is 
often confused with it in the field (Musselman et al. 1991). Striga aspera is commonly found 
attacking vegetation associated with wild grasses while S. hermonthica attacks cereals and 
is considered more economically devastating. The lack o f research interest in S. aspera is 
evident in the limited number o f publications on it in the literature. Extensive reviews on 
parasitic weeds (Musselman 1980, Pieterse and Pesch 1983) contained no report on studies 
relating to S. aspera. The five proceedings on parasitic weeds published between 1970 and 
1991 has no research article dealing solely with S. aspera research.
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STUDY OBJECTIVES 
Due to the limited knowledge on the biology o f  Striga aspera, this study attempted to 
bridge this knowledge gap by addressing the following questions: What are the distribution, 
habitat characteristics and phenology o f S. aspera in Nigeria? Why does S. aspera emerge 
earlier than S. hermonthica? What are the differences in the life cycles o f S. aspera and S. 
hermonthica? What is the hybridization potential and reproductive success between S. 
aspera, S. hermonthica and their hybrids? Are the hybrids virulent on maize? What is the 
relative degree o f aggressiveness and virulence o f  S. aspera, S. hermonthica and their F, 
hybrids infecting maize? Are there any genetic and morphological similarities between S. 
aspera and S. hermonthica in relation to their hybrids and backcrosses? Is it possible for S. 
aspera and S. hermonthica to infect a  single maize plant simultaneously?
Findings on the biology o f  Striga aspera in comparison with S. hermonthica are 
presented in the following order. Chapter Q addresses the phenology, habitat characteristics 
and distribution of Striga aspera in Nigeria. In Chapter HI, the reproductive ability o f the 
hybrids o f S. aspera and S. hermonthica, their cytology and hybridization potential are 
presented. Chapter IV presents the evaluation results on the genetic and morphologic 
variability in S. aspera, S. hermonthica and their hybrids using morphological characters and 
random amplified polymorphic DNA markers. The effects o f Striga aspera and S. 
hermonthica and their F, hybrids on maize are presented in Chapter V. Chapter VI looks at 
the host-parasite interactions in a maize plant simultaneously infected with S. aspera and 
Striga hermonthica.
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CHAPTER II
PHENOLOGY, HABITAT CHARACTERISTICS AND DISTRIBUTION OF 
STRIGA ASPERA (SCROPHULARIACEAE) IN NIGERIA 
INTRODUCTION
The consequences o f  the impact o f obligate hemi-parasitic plants o f the genus Striga, 
also known as witchweed, to African agriculture is well known. Described as one o f the 18 
major world disasters by Okonkwo (1990), the devastation on crops by Striga has reached 
epidemic proportions. Sauerbom (1991) reported that the Striga  problem at this time 
represents the largest single biological constraint to food production in Africa. A feasible 
solution to this problem has continued to elude most workers despite the considerable 
research attention it has received in recent times.
The best known witchweed in Africa is Striga hermonthica also called giant witchweed. 
Striga gesnerioides (indigo witchweed or cowpea Striga) is another common species that 
parasitizes dicots like cowpea Vigna unguiculata L. (Walp.). Striga hermonthica has been 
described as the most important parasitic weed species on a worldwide scale (Parker and 
Riches 1993). Species like Striga aspera are mostly associated with native grasses in West 
Africa where it is thought to have originated. Striga aspera and S. hermonthica bear close 
morphological resemblance and are often confused in drier sub-Sahelian zones o f West 
Africa where they are sympatric and endemic (Musselman and Hepper 1986, Parker and 
Riches 1993). In the field S. aspera can be distinguished from S. hermonthica based on its 
delicate appearance, its stem, and the pinkish-purple corolla (Mohamed 1994). Compared 
with S. hermonthica, S. aspera has always been considered a minor parasitic weed and little 
is known o f its ecology, host specificity, floral biology and distribution (Musselman and
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Hepper 1986). Atsatt and Strong (1970) identified parameters like life form, physical habitat, 
breeding system and host characteristics as important in the functional nature of the host- 
parasite relationship. Reported studies on S. hermonthica in this regard include those on 
phenology and ecology (Musselman et al. 1991, Parker and Riches 1993, Webb and Smith 
1996). Few reports are available in the literature on the characteristics o f soils preferred by 
Striga species. For 5. hermonthica populations, Doggett (1965) and Parker and Riches (1993) 
reported that the soils were characterized by a wide range o f soil types from heavy, cracking 
clays to light sands. In another study, Stoop et al. (1983) found that S. hermonthica was most 
abundant in shallow, drought sensitive soils with coarse structure and low organic matter 
content. No such studies have been reported for S. aspera.
Raynal-Roques (1994) reported that within the last ten years S. aspera has been found 
more often on maize (Zea mays L.) and suggested that it may be a potential threat to this crop 
in West Africa. Parkers and Riches (1993) reported that S. aspera can thrive on maize, rice 
(Oryza sativa L.), sorghum (Sorghum bicolor Moench.), ‘fonio’ (Digitaria exilis [Kippist] 
Stapf.) and sugarcane (Saccharum officinanarum  L.). The parasitic effects o f S. aspera on 
maize can sometimes be more devastating than S. hermonthica (personal observations). 
Musselman and Hepper (1986) suggested that because S. aspera occurs on wild grasses in 
West Africa, they may be better adapted to this region than S. hermonthica. Striga 
hermonthica is thought to be native to the Nuba Mountains of the Sudan Republic 
(Musselman and Hepper 1986).
The distribution o f S. aspera and S. hermonthica in Nigeria has been reported (IITA 
1985, Efron et al. 1989, Lagoke et al. 1991, Iwo et al. 1993, Mohamed 1994). Close 
comparisons o f these reports with the distribution o f these species in 1994, however, revealed
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the presence o f S. aspera in areas previously reported to be See from these species. To 
address this information gap with respect to the actual spread o f S. aspera, a  more up-to-date, 
comprehensive and more representative study was required.
Successful hybridization o f S. aspera and S. hermonthica has been reported (Musselman 
et. al. 1991, Aigbokhan et al. 1995, Aigbokhan et al. in press). Musselman et al. (1991) 
reported that both species shared common insect pollinators. Potential hybridization in nature 
can only occur where both species are sympatric, share common pollinators and flower 
simultaneously. Synchronous flowering may be hindered if  phenological factors controlling 
the flowering patterns in each species are such that an overlap between their flowering times 
is impossible. Studies on the phenology and relative distribution o f both species are therefore 
required to understand the roles o f these interrelationships in nature better. The objective of 
this study was to address the knowledge gaps in the phenology, distribution and habitat 
characteristics of Striga aspera and Striga hermonthica in Nigeria.
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MATERIALS AND METHODS 
Phenology
This study was done by investigating below ground and above ground growth and 
development o f Striga aspera and S. hermonthica on maize roots.
Seed collection
Striga aspera seeds used in this study were collected during a survey o f S. aspera in 
Kano, Nigeria in 1994. The seeds were air dried under ambient screenhouse conditions, 
sieved, cleaned and stored by location in plastic containers. Striga hermonthica seeds 
previously collected in 1993 from Mokwa, Nigeria were used.
Below ground development
The polyethylene culture bag technique developed by Parker and Dixon (1983) with 
some modifications was used. In this technique, the different growth stages could be 
monitored with little disturbance to the developing parasite. The parasite seeds were first 
preconditioned on moist glass fibre filter paper disks each containing 25-30 seeds and 
incubated for 14 days at 23°C. Five disks with 125-150 preconditioned parasite seeds and a 
pre germinated hybrid maize seedling (cv 8338-1) were incorporated in each culture bag 
sample. More than 150 samples o f the culture bags were prepared for each species. An 
aqueous solution o f STERN’S MIRACLE-GRO (Port Washington, New York) was used as 
a nutrient source and applied daily at the rate 10 ml per sample. Daily observations o f the 
below ground growth and development of the parasites were made by placing the bags under 
a dissecting microscope and viewing the growth o f  the parasite seedlings on intact and 
ramifying maize roots. During each observation, drawings o f  significant growth stages o f the 
parasite seedling were made and photographed.
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Above ground development 
Twenty-five pots containing Striga free topsoil was infested with 0.05 g o f  parasite seeds 
o f each species and watered daily. Four days after infestation, five seeds o f  susceptible maize 
hybrid (cv 8338-1) were planted in each pot. Six days later, upon germination, the maize 
seedlings were thinned to one per pot. The above ground development o f  each species from 
the time of first Striga emergence through flowering, seed set and senescence was monitored.
Life cycle
The observations from the below ground and above ground developments o f each species 
on maize roots were combined and used in constructing the life cycle for Striga aspera and
S. hermonthica. The complete life cycle diagrams of Striga aspera and S. hermonthica from 
successful host infection to seed dispersal were produced.
Geographical distribution and habitat characteristics 
Two reconnaissance studies by road were conducted in 1994 and 1996 to delineate 
the distribution o f  Striga aspera and S. hermonthica in Nigeria. The surveys were carried 
out during the first week of September. This time was most suitable because most S. aspera 
plants in the wild begin flowering at this period. The survey routes covered all locations 
shown in Fig. 1. The presence or absence o f Striga aspera across various locations in the 
Nigerian agroecological zones was recorded. The habitat classifications o f  these areas were 
assessed and characterized based on visual observations at 15 randomly selected collection 
sites. The distribution of S. aspera plants at locations not covered in these surveys were 
inferred from earlier survey reports in the literature.







NORTHERN GUINEA SAVANNA 
SOUIHERN GUINEA SAVANNA 
HUMID FOREST
Fig. 1. Map o f Nigeria showing agroecological zones and locations along 
major survey routes taken to delineate die distribution of Striga aspera and 
Striga hermonthica.
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Soil analysis
During the first survey, composite soil samples in the vicinity around live S. aspera 
plants were collected at one auger point (0 -15  cm) from three randomly selected spots. The 
soils were bulked by location and stored in paper bags. In the laboratory, the individual soil 
samples were air-dried and ground to pass through a 2 mm sieve; duplicate samples for soil 
carbon and % total nitrogen determination were further pulverized to pass through a 0.5 mm 
sieve. Soil physical and chemical analyses were carried out in the Analytical Services 
Laboratory (ASL) o f the International Institute o f Tropical Agriculture (IITA), Ibadan, 
Nigeria.
Soil chemical properties 
The routine procedures for soil analysis at ASL - IITA described by Juo (1981) were 
used for soil chemical analysis. Soil organic carbon (%), total Kjeldahl nitrogen (%), Bray-P 
available P (ppm), soil pH (H20 ), effective CEC (meq/lOOg), exchangeable cations (Ca2+, 
mg 2+, K +, Na +, M n 2+), exchangeable acid and micronutrients (Cu, Zn, Mn, Fe,) were 
determined.
Soil physical properties 
The particle size analysis o f the soil samples based on % sand, %  clay and % silt were 
determined using the hydrometer method (Bouyocos 1962) at ASL - IITA. Proportions of the 
sand, silt and clay particle o f each soil sample were plotted against the standard USDA 
textural classification chart to determine the soil textural class.




Life cycles o f Striga aspera and Striga hermonthica representing below and above 
ground development are shown in Fig. 2 and 3. Growth patterns and forms o f S. aspera and
S. hermonthica were similar, except for a few structural differences in the below ground 
stages. The late haustorium formation and the presence o f‘neck’ or ‘initial’ in seedlings were 
unique attributes of S. hermonthica. The presence o f hairs on the shoot primordia was unique 
to seedlings o f S. aspera species. Sequences o f appearances o f the different growth and 
developmental stages were always earlier in S. aspera than in S. hermonthica.
The entire life cycle o f S. aspera from successful infection o f a maize root to seed 
dispersal in the adult plant took 73 days. Below-ground growth lasted for 26 days while 
above ground development took 49 days. In Striga hermonthica, the life cycle lasted for 90 
days, exactly two weeks longer than for S. aspera. The below-ground development took 32 
days and the above ground took 58 days. A schematic diagram (Fig. 4) shows the 
com parative sequence o f the growth patterns in both species. The tim e o f flowering in S. 
aspera was 17 days earlier than in S. hermonthica.
Geographical distribution
Figure 5 shows an agroecological map o f Nigeria indicating the distribution o f Striga 
aspera and Striga hermonthica. The two species were restricted to the lowland warm arid, 
sem i-arid and sub-humid regions o f northern Nigeria. These regions fall within the Sudan 
Savanna (SS), Northern Guinea Savanna (NGS), and Southern Guinea Savanna (SGS) 
respectively. Both species were, however, conspicuously absent in the Humid Forest (HF) 
zones o f Nigeria. Striga aspera replaced S. hermonthica as the m ost common species on
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Fig. 2. Life cycle o f Striga aspera on maize.
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Fig. 3. Life cycle o f Striga hermonthica on maize.
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Flowering
□  Striga aspera 
H  Striga hermonthica
0 26 32 56 64 72 78 83 89 100
Days after planting maize
Fig. 4. Schematic diagram o f comparative growth patterns o f Striga 
aspera and Striga hermonthica on maize.





£3 Striga hermonthica 
#  Striga aspera
SUDAN SAVANNA 
MID-ALnTUDE 
NORTHERN GUINEA SAVANNA 
SOUTHERN GUINEA SAVANNA 
HUMID FOREST
Fig. 5. Map of Nigeria agroecological zones showing distribution o f Striga aspera 
and Striga hermonthica in 1994.
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crops found in the Mid-altitude highland Savanna (MA) o f the Jos Plateau. The distribution 
o f S. aspera in Nigeria was less widespread compared with Striga hermonthica. Striga 
aspera was common in the arid SS areas around Kano, Bagauda and Katsina areas where it 
overlapped with S. hermonthica. In the NGS, S. hermonthica was common but S. aspera was 
absent, especially in areas like Kontangora, Kaduna and Abuja. These areas are found 
between longitude 4° and 8°E. Previous reports (IITA, 1985 and Efron et al., 1989) showed 
that S. aspera occurred east o f this zone beyond longitude 8° E beyond Bauchi and Gombe 
areas o f Nigeria. Striga aspera plants were found on grasses in the wet rice growing plains 
near Badeggi in the SGS. Badeggi was the southern limit o f spread o f S. aspera in this 
survey. Like in most o f the Sudan savanna, Striga aspera in Badeggi overlapped with S. 
hermonthica.
Habitat characteristics and host o f Striga aspera 
The summary o f habitat characteristics and hosts o f Striga aspera plants at the 
different locations surveyed is shown in Table 1. Open, disturbed soils along roadside alleys 
were the common habitats for S. aspera. They were commonly found parasitising wild 
grasses. However, S. aspera plants were seen on a cultivated maize field at BRTV area in 
Bauchi. In the Jos Plateau (not shown), the major host for S. aspera was a  local staple called 
‘fonio’ (Digitaria exilis).
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Table 1. Soil physical properties, host and habitat o f 25 Striga aspera collection sites 
in Nigeria.
Particle size







Bauchi roadside on grassy weeds 52 22 26 sandy clay loam
R. Zayan Toro roadside ditch on grassy weeds 74 14 12 loamy sand
Kura open roadside on grassy weeds 68 10 22 sandy clay loam
Kafin Madaki waterlogged roadside on grassy weeds 60 18 22 sandy clay loam
Badeggi roadside on grassy weeds near rice Gelds 70 14 16 sandy loam
Bamaina roadside on grass near uninfected sorghum 84 6 10 loamy sand
Bauchi- BRTV roadside on maize near abandoned farm 68 20 12 sandy loam
Bimin Kudu roadside near a ditch on grassy weeds 78 6 16 sandy loam
Durum roadside on grassy weeds near rice Gelds 72 10 18 sandy loam
Sabon Rahi roadside on grass (pink and white flowered) 68 12 20 sandy clay loam
Sabon Hagi wet open ditch by roadside on grassy weeds 86 4 10 loamy sand
Furare open roadside on grassy weeds 82 10 8 loamy sand
Katonga wet open ditch by roadside on grass 80 6 14 sandy loam
Ningi wet roadside ditch on grass (white Gowered) 76 8 16 sandy loam
Bagauda open roadside on grassy weeds 54 8 38 sandy clay
Sangayan Maji wet roadside ditch on grassy weeds 78 8 14 sandy loam
Kano-Zaria Rd. sandy, weedy roadside on grassy weeds 78 8 14 sandy loam
Kano (BUK) near roadside drainage canal on grassy weeds 78 10 12 loamy sand
Kadawa flooded abandoned farmland on grassy weeds 56 10 34 sandy clay loam
Kankia open sandy roadside on grassy weeds 76 12 12 sandy loam
Lapandi roadside on grass near millet farm 88 4 8 sand
Bunaji open roadside on grass 88 4 8 sand
Sara wet roadside cemetery on grass 90 4 6 sand
K. Namoda wet open roadside on grass 88 4 8 sand
Birigaji roadside on grass by millet farm 74 12 14 sandy loam
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Soil physical properties 
The physical characteristics o f soil samples from typical S. aspera habitats are shown 
in Table 1. The soils were predominantly sandy with low quantities o f silt and clay particles. 
Among the soil types, the sandy loam category was the most common at 42%. Other soil 
types found in order o f decreasing frequency were loamy sand (21%), sandy clay loam 
(18%), sand (14%) and sandy clay (3%).
Soil chemical properties 
The chemical properties o f soils collected from habitats with S. aspera plants shown 
in Table 2 show that the soils were mostly deficient in essential mineral nutrients with the 
soil pH ranging from weakly acidic to neutral. The mean soil pH was 6.7 with a range o f 5.8 
to 7.7. Mean soil organic carbon content was 0.68 % (with a range o f 0.2 to 1.8%), and total 
N was 0.062% (with a range o f 0.02 to 0.2%). Mean C/N ratio was 10.6 (w ith a range o f 7 
to 14) and available P content was 3.02 (with a range o f 0.2 to 10). Mean estimates and range 
for exchangeable cations in cmol(+)/kg were as follows: Exch Ca, 4.46 (1 - 22), Exch Mg, 
0.66 (0.2 - 1.5), Exch K, 0.23 (0.04 - 0.6), Exch Na, 0.32 (0.2 - 0.5), Exch Mn 0.12 (0.01 - 
0.4), Exch acid 0.09 (0.0 - 0.5), ECEC 5.95 (2 - 23). Mean estimates and the range for soil 
micronutrients, in parts per million (ppm) were Cu 1.4 (0.5 - 4), Zn 4.48 (1 -1 0 ) ,  Mn 51.0 
(14 - 118) and Fe 49.7 (6 - 692).

















Table 2. Soil chemical properties of 35 Striga aspera collection sites in Nigeria.
^ s s s s s c x B a B n a a s K S B B S s a s E B a a B B B S E a a a B a s s B B s a ^ ^ B B a s s s ^ s s s s s s
Location pll % % C/N Bray-1 Exch Exch Exch Exch Exch Exch ECEC Mkronutrknls
organk N ratio P Ca Mg K Na Mn acid
carbon (Kjcl) mg/kg Co Zn Mn Fc
________  cmol (+) /kg     ppm ______
1. Bauchi 7.5 1.37 0.102 13.0 0.7 18.8 l.l 0.4 0.5 0.03 0.0 20.8 3.7 8.7 79.4 87.3
2. Toro R/Zayan 7.3 0.76 0.062 12.0 0.7 8.4 1.5 0.3 0.3 0.1 0.0 10.5 2.2 4.6 68.7 38.1
3. Kura 7.7 0.90 0.081 11.0 0.2 22.0 0.5 0.4 0.4 0.1 0.0 23.3 2.0 8.9 66.9 691.5
4. Kafin Madaki 7.0 1.79 0.150 12.0 1.1 9.1 1.0 0.4 0.5 0.3 0.0 11.0 1.8 6.6 118.0 47.8
3. Badeggi 6.6 0.81 0.068 12.0 6.9 2.6 0.8 0.4 0.4 0.4 0.1 4.3 1.6 4.1 95.7 64.0
6. Bamaina 6.8 0.42 0.047 8.9 2.6 2.3 0.5 0.3 0.3 0.1 0.0 3.4 1.3 4.1 44.1 8.0
7. Bauchi 7.2 0.48 0.041 12.0 0.6 14.2 1.2 0.3 0.3 0.01 0.0 16.0 1.2 3.4 38.8 38.5
8. Bimin Kudu 6.5 0.49 0.059 8.3 4.2 2.4 0.6 0.1 0.3 0.2 >0.05 3.4 1.4 6.7 89.8 16.9
9. Durum 6.3 1.57 0.129 12.0 5.4 5.4 0.8 0.6 0.5 0.2 >0.05 7.3 1.6 5.8 93.5 194.5
10. Sabon Rahi 6.6 0.86 0.072 12.0 1.2 3.1 0.5 0.1 0.3 0.04 >0.05 4.0 2.4 10.0 24.7 26.6
II. Sabon Hagi 6.5 0.34 0.041 8.3 1.5 1.3 0.4 0.1 0.2 0.03 >0.05 2.0 1.2 l.l 14.4 12.9
12. Furare 7.0 0.58 0.044 13.0 4.1 3.8 0.6 0.2 0.3 0.03 0.0 4.9 l.l 4.2 25.9 20.0
13. Kalonga 6.8 0.61 0.067 9.1 5.1 3.4 0.7 0.3 0.5 0.2 0.0 4.9 1.0 7.2 61.6 11.4
14. Ningi 6.5 0.26 0.035 7.4 4.2 2.9 0.7 0.3 0.4 0.2 0.1 4.4 1.3 3.3 82.0 9.6
IS. Bagauda 6.2 0.66 0.057 12 3.1 2.6 0.7 0.2 0.2 0.1 0.0 3.7 l.l 1.3 42.6 13.4
16. Sangayan 6.2 1.06 0.096 11.0 7.9 2.5 0.6 0.2 0.3 0.2 0.5 4.1 1.3 6.0 98.1 13.6
17. Kano -Zaria 7.2 0.96 0.084 11.0 3.1 5.4 0.4 0.3 0.3 0.1 0.0 6.4 2.2 103 60.8 57.2



















Location pH % % C/N Bray-I Each Exch Exch Exch Exch Exch ECEC Micronutrknts
orgaik N ratio P Ca Mg K Na Mn acid
carbon (Kjel) mg/kg Cn Zn Mn Fc
____________  craol(+)/kg ______________  ________  ppm ______
19. Kadawa 7.5 0.88 0.090 9.8 5.1 10.8 0.8 0.5 0.4 0.1 0.0 12.5 2.1 5.7 53.8 199.0
20. Kankia 6.9 0.46 0.047 9.8 0.7 2.8 0.7 0.2 0.3 0.1 0.0 4.0 1.6 2.5 27.3 9.0
21. Lapandi 6.7 0.22 0.028 7.9 1.9 1.7 0.3 0.04 0.2 0.1 0.5 2.7 0.5 1.5 20.7 7.9
22. Bunaji 6.7 0.26 0.027 9.6 l.l 1.7 0.4 0.1 0.2 0.1 0.0 2.4 l.l 2.6 25.5 18.4
23. Sabon Hagi 6.2 0.45 0.052 8.7 2.2 2.2 0.8 0.3 0.3 0.1 0.0 3.6 1.0 1.7 23.3 12.7
24. Mokwa 6.6 0.69 0.050 14.0 3.7 3.3 0.7 0.3 0.3 0.3 0.3 4.9 1.0 2.1 109.8 6.0
25. Sara 6.0 0.29 0.037 7.8 9.6 1.2 0.4 0.1 0.2 0.1 0.0 1.9 1.0 1.9 22.5 6.7
26. Lapandi 6.5 0.30 0.016 19.0 2.2 2.1 0.5 0.2 0.3 0.1 0.0 3.1 1.0 1.7 24.1 12.5
27. Kano 6.7 0.42 0.040 11.0 0.4 3.0 0.6 0.1 0.3 0.1 0.0 4.0 1.7 3.7 28.5 14.0
28. iibiya 6.6 0.18 0.026 6.9 2.4 2.1 0.9 0.2 0.3 0.1 >0.05 3.5 0.5 1.8 20.3 4.9
29. Birigaji 7.1 0.38 0.042 9.0 2.6 4.5 1.0 0.2 0.3 0.04 0.4 6.4 1.0 2.4 19.0 11.8
30. Darigazo 6.1 0.32 0.034 9.4 2.3 0.7 0.2 0.1 0.2 0.04 0.1 1.3 0.5 1.2 16.1 5.7
31. K/Namoda 6.5 0.22 0.026 8.5 2.6 1.2 0.3 0.1 0.3 0.1 0.5 2.4 0.9 1.9 17.6 6.2
32. Marga 6.5 0.99 0.1 II 8.9 3.5 2.2 0.6 0.2 0.3 0.1 0.0 3.3 l.l 3.3 77.1 20.0
33. Danzabuwa 6.4 0.82 0.074 11.0 2.3 2.4 0.6 0.1 0.2 0.1 0.5 3.8 2.2 7.5 55.6 12.7
34. Kofa 6.1 0.93 0.079 12.0 3.6 2.8 0.7 0.2 0.3 0.1 0.1 4.1 1.9 4.7 33.7 12.1
35. Kwa 5.8 0.68 0.058 12.0 1.3 2.1 0.5 0.2 0.3 0.1 0.1 3.2 1.7 4.1 20.8 10.0
Mean 6.7 0.68 0.062 10.6
3
3.02 4.64 0.66 0.23 0.32 0.12 0.09 5.95 1.4 4.48 51.0 49.7




The complete life history o f S. aspera and S. hermonthica presented in this study 
provides an additional tool for comparative analysis between S. aspera and S. hermonthica. 
This is especially relevant in the light o f recent findings that both species can successfully 
hybridize (Aigbokhan et al. 1995, Aigbokhan et al. in press). Earlier findings by Musselman 
et al. (1991 ) that S. aspera emerges ealier than S. hermonthica in the field were confirmed 
in this study. The early seasonal emergence o f S. aspera compared with S. hermonthica in 
nature may be reflected in its shorter life cycle. Findings in this study support the report by 
Webb and Smith (1996) that a m in im um  tim e o f 56 days from the date o f emergence was 
required for S. hermonthica to complete its life cycle. Correlation o f above ground 
development o f S. aspera and S. hermonthica showed that the flowering periods o f both 
species can overlap. This infers that natural hybridization is possible in areas where they are 
sympatric. The fact that both species have common insect pollinators further strengthens this 
conclusion (Musselman et al. 1991).
The incidence of first seedling emergence and some structural characteristics o f the 
seedlings were unique to the life cycle o f either species. These unique characters will 
complement the already established morphological parameters used to distinguish between 
seedlings o f S. hermonthica and S. aspera. One such difference at the below ground seedling 
stage is the presence o f a trilobed plumule on an elongated neck in S. hermonthica. Ramaiah 
et al. (1983) called this elongated neck “Striga initial.” This is the first report to differentiate
S. aspera  from S. hermonthica seedlings by the presence o f hairs on S. aspera shoot 
primordia.
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The soils from typical S. aspera habitats analyzed in this study were heterogenous. 
Though these soil characteristics o f parasitic plant habitats could relate more to the host 
rather than a direct influence on the parasite (Parker and Riches 1993). The sandy nature o f 
soils from S. aspera habitats and their low nutrient status confirms that these parasitic plants 
thrive best in less fertile soil. Earlier studies on soils o f northern Nigeria, where S. aspera is 
endemic, show that they originated from aeolian deposits from the Sahara Desert (Harpstead 
1974).
The range o f Striga aspera and its hosts in Nigeria agrees with earlier reports (Parker 
and Riches 1993). Findings that S. aspera plants were mainly restricted to wild grassy weeds 
in open and highly disturbed habitats in the drier sub-sahalien Sudan savannas were reported 
earlier (Parker and Riches 1993). The absence o f S. aspera in m ost parts o f the Northern 
Guinea Savanna around Kaduna, Kafanchan and Abuja was striking. This may be associated 
with the inability o f S. aspera to survive conditions in the shaded roadside alleys resulting 
from dense vegetation outgrowths common in these areas. In contrast, however, the presence 
o f S. aspera in the open grasslands o f Jos Plateau, which is found between the NGS and the 
SGS, may be linked to the unique climatic conditions o f these areas occasioned by the high 
altitude. The intense tin  mining activities in the Jos Plateau in the early seventies may have 
also contributed to the disturbed nature of the soils making it suitable for S. aspera growth. 
Occurrence o f S. aspera near irrigated fields in Badeggi, Nigeria, confirms earlier 
observations by Iwo et al. (1993). Previous studies have observed that S. aspera occurs in 
wetter situations than S. hermonthica (Musselman and Parker 1986, Parker and Riches 1993). 
My findings suggest that S. aspera plants are poor competitors and opportunistic plants
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22
because they thrive best in transient and disturbed wetland environments on exposed sandy 
plains only suitable for sparse vegetation.
The distribution pattern o f S. hermonthica and S. aspera in Nigeria shown in this 
study was similar to earlier reports (ETA 1985, Efron et al. 1989, Lagoke et al. 1991, Iwo et 
al. 1993). A major difference was that the spread o f S. aspera was more extensive than was 
previously reported (IITA 1985). The reported presence o f S. aspera in parts o f Bida, Minna 
and Abuja (Iwo et al. 1993) were not confirmed and Badeggi was the most southern lim it for 
the spread o f S. aspera in Nigeria in this study. This is the first reported evidence o f the 
presence o f S. aspera in parts o f Kano, Katsina and Jibiya and westwards as far as Kaura 
Namoda and parts o f Gusau.
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CHAPTER m  
REPRODUCTIVE ABILITY OF HYBRIDS OF STRIGA ASPERA 
AND STRIGA HERMONTHICA 
INTRODUCTION
Striga hermonthica and Striga aspera are common parasitic plants found in West 
Africa. Many reports exist on the devastating effects o f S. hermonthica on major cereals like 
maize, sorghum, rice, and m illet (Pennisetum glaucum  R. Br.) in this region (Musselman 
1980, Pieterse and Pesch 1983, Parker and Riches 1993). Striga aspera, which is commonly 
found growing on wild grasses, has also been reported as a local pest o f ‘fonio’ (Digitaria 
exilis), rice and maize in the savannas o f Africa (Raynal-Roques 1991, Parker and Riches 
1993). Both parasites are similar in growth habit and flower color but can be distinguished 
by some morphological features (Ramaiah et al. 1983). The position o f the bend o f the 
corolla tube o f S. hermonthica is located just above the calyx and the corolla tube lacks 
glandular hairs. With S. aspera, the corolla tube extends well above the calyx before bending, 
and glandular hairs are apparent on the corolla tube. The ratio o f the corolla tube length 
below and above the bend was determined as 1.5:1 for S. aspera and 0.9:1 for S. hermonthica 
(Parker 1991).
These are reported to be the only two obligate allogamous species found in the genus, 
and individual plants are self-incompatible (Safa et al. 1984). Musselman et al. (1991) 
reported that both species shared common insect pollinators, could be intercrossed and 
successfully set seeds. They did not determine if  these hybrid seeds were germinable or 
virulent on any host There are conflicting reports on the meiotic chromosome counts for the 
two species. Musselman et al. (1991) reported that the chromosome number for S. aspera
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was n = 27 and for S. hermonthica n = 32. In another report (Iwo et al. 1993), chromosome 
number for S. aspera was n = 30 and for S. hermonthica n = 40. Parker and Riches (1993) 
suggested that due to the reportedly large differences in chromosome numbers between the 
species, the likelihood o f producing viable hybrid seeds was remote. No hybridization or seed 
germination studies on the F,'s, F2's or backcrosses have been reported.
The purposes o f  this study were as follows: (i) to determine the degree o f 
reproductive success within and between crosses o f S. hermonthica and 51 aspera; (ii) to 
determine the chromosome numbers o f S. hermonthica and 5. aspera; (iii) to determine if  the 
F„ F2 and backcrossed seeds o f the two species were viable, germinable and pathogenic on 
maize and (iv) to determine length o f dormancy and germination capacity over time o f 
freshly harvested seeds o f 5. aspera, 5. hermonthica and their F, hybrids.
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MATERIALS AND METHODS 
Viability tests
The tetrazolium chloride red test (Bebawi et al. 1984) was used to determine seed 
viability o f  conditioned parasite seeds. Parasite seeds require conditioning under appropriate 
moisture and temperature conditions for specific periods before they respond to any 
germination stimuli. Conditioning was done by surface disinfecting the seeds in a  solution 
o f 1% sodium  hypochlorite for 5 min. About 30 to 60 seeds were then placed on 2 mm 
diameter Whatman GF/C glass-fiber filter-paper disks. Four of these disks were placed on 
moist Whatman N ol filter-paper in a petri dish. The petri dishes containing the seeds were 
incubated in complete darkness at 25°C for 14 days. The filter-paper in the petri dishes was 
moistened daily with sterile deionized water. Seed viability was determined by exposing the 
conditioned seeds to a 1% aqueous solution o f 2,3,5-triphenyl-tetrazolium chloride (TTR) 
solution (pH 7). To each disk 3 to 4 drops o f TTR were applied so that all exposed portions 
o f each seed were in contact with the solution. Treated seeds were incubated in total darkness 
at 35°C for 48h and afterwards observed for red stained endosperm under a dissecting 
microscope. Seeds with red stained endosperm were regarded as viable while those with 
colorless endosperm were considered as nonviable. In seeds with highly pigmented seed 
coats, a  few drops o f commercial bleach solution were applied to ease the detection o f the 
red stain. Estimates o f percent viability were obtained from the ratio o f seeds that had red 
stained endosperms to the total number o f seeds on each disk.
Germination tests
Germination tests on all parasite seeds were conducted using an aqueous solution of 
GR24 (Johnson et al. 1976) as the germination stimulant. Seeds used for the germination test
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were conditioned as previously described. After the conditioning process, the filter-paper 
disks with the Striga seeds were blotted on sterile paper to remove excess moisture and 
transferred directly onto another petri dish. Two drops (50 pi) of 10 mg liter1GR24 solution 
were applied to each disk. The petri dishes were then placed in a dark incubator at 30°C for 
48h. Germinated seeds with emerging radicles were observed under a dissecting microscope. 
Percent germination was calculated from the ratio o f seeds with emerging radicles to total 
number o f seeds on each disk.
Hybridization
Artificial hand pollination was carried out under complete insect exclusion in a 
screenhouse at the International Institute o f Tropical Agriculture, Ibadan, Nigeria, between 
November 1994 and May 1996. Striga hermonthica (SH) and S. aspera (SA) plants used in 
the crosses were obtained from seeds collected from Mokwa, Nigeria in 1993 and grown by 
infesting unsterilized soil in pots with 0.05g (about 3,000) germinable seeds. Soil in 
individual pots was infested with seeds from one o f the two species. Four days after 
infestation, a  SH susceptible maize hybrid, cv. 8338-1, was planted. Maize planting was 
staggered at weekly intervals to synchronize flowering time between the species. This was 
done by planting maize in the later maturing SH infested pots first and in the earlier maturing 
SA infested pots 4 weeks later. This was done for five consecutive weeks, planting 15 pots 
containing each species each week. A total o f 75 pots o f each species were planted. 
Emasculation o f the flowers was done by gently pulling out the corolla tube, leaving the 
calyx tube enclosing the gynoecium (stigma, style and ovary). Pollen was obtained from the 
male parent by longitudinally cutting open the corolla tube and collecting the mass o f whitish 
pollen grains on an inoculating needle. Pollen was immediately transferred to the stigma of
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the fem ale  parent. Reciprocal crosses w ith in  and between the two species were made on 
randomly selected plants. Capsules containing seeds were harvested 14 days after pollination. 
H arv ested  capsules containing the seeds were allowed to dry in the screenhouse under 
ambient conditions until the capsules dehisced, releasing the seeds. Reproductive success 
was measured as the percentage o f pollinated flowers that produced capsules containing 
seeds. Some o f the plants had relatively small sized capsules. The ratio o f plants with small 
sized capsules compared against normal sized ones was used to estimate percentage o f plants 
with normal capsules in each cross. To determine whether the F, plants were fertile and could 
produce F2 seeds, 0.05g o f F, seeds from each reciprocal cross were used to infest soil in pots 
which were then planted with the maize cv. 8338-1. As the F, plants emerged and flowered, 
they were backcrossed reciprocally to randomly selected parental and F, hybrid plants as 
pollen donors or recipients. Reproductive success was determined as previously described. 
Tests for germination and viability were conducted on three-month-old F2 and backcross 
seeds. The cumulative means o f capsule formation, seed viability and germination in each 
generation were computed and the viability and germination means separated using 
LSMEANS in SAS (SAS Institute, Cary North Carolina). Tests for pathogenicity on maize 
were conducted by infesting soil in pots with 0.05g o f parasite seeds from each cross and 
planting maize cv.8338-1 in each pot. Successful parasitism was determined after six weeks 
maize growth by the presence o f at least one live parasite that had attached to the maize roots 
and emerged from the soil.
Seed germination tests over time 
These tests were conducted to determine the period(s) o f dormancy in seeds o f S A, 
SH and their hybrids after pollination and seed set. Seeds from the intra-specific crosses (in
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Purdy notation) SA/SA and SH/SH and those from the inter-specific F, reciprocal crosses SA 
(female) /  SH (male) and SH (female) / SA (male) were used. Parasite seeds were collected 
after capsule dehiscence and immediately surface disinfected for five minutes in a 1% 
solution o f  sodium hypochlorite. The seeds were then thoroughly rinsed with distilled water, 
air dried, and stored in glass vials at ambient temperature (28°C) throughout the period o f the 
study. Before each germination test, a  fresh germination stimulant solution (10 mg liter'1 
GR24) was prepared from a 100 mg liter'1 GR24 stock solution which was stored at 4°C. At 
two week intervals, between 360 and 720 seeds from each cross were tested for germination. 
These tests began at 28 days after pollination, i.e., harvested 14 days after pollination and 
conditioned for an additional 14 days, and continued up to 546 days after pollination. The 
experiment was repeated three times and the pooled data were analyzed using the General 
Linear M odel procedure o f SAS. Means o f the seed germination tests in each cross were 
estim ated using the MEANS procedure o f SAS. Dormancy period was designated as the 
length o f tim e from pollination until the first germination peak.
Chromosome counts 
A novel procedure was developed for the study. Because roots are poorly developed 
in SH and SA, shoot meristems o f unemerged seedlings were used instead o f root tips for 
mitotic chromosome counts. Seedlings o f SH populations from Bida and Kano and SA from 
Kano and Jos, Nigeria, were examined. To obtain these seedlings with ease, seeds from each 
parasite were used to infest pots containing vermiculite in which maize cv. 8338-1 was 
planted. A  1 g liter'1 solution o f STERN’S MIRACLE-GRO (Port Washington, New York) 
containing 15% N, 30% P20s, and 15% KjO was used as a  nutrient source and applied to each 
pot weekly at the rate o f 50 ml per p o t When the parasites began to emerge, 30 to 35 days
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after planting, the m aize  roots were gently washed in running water to remove the 
verm iculite particles. All stages o f the unemerged parasite seedlings were collected in a 
beaker containing water. In the laboratory, the parasite seedlings were placed on absorbent 
paper to remove excess water, and then transferred into a 0.5% aqueous solution o f 
colchicine at 28°C for 3 h. Afterwards, the seedlings were fixed for at least 24 h in cold 
Camoy’s solution I containing a mixture o f glacial acetic acid and absolute ethanol solutions 
(1:3 vol/vol). The seedlings were then hydrolyzed in IN HC1 at 60°C for 10 min. After 
hydrolysis, the seedlings were rinsed in water and dried on absorbent paper. The top 2 mm 
o f the shoot tip o f each seedling was cut on a glass slide, stained in lacto-propionic-orcein 
stain solution for 2 min and squashed under a cover slip. To spread the cells adequately, the 
cover slip was tapped gently with the end o f a pencil. Well-spread cells with distinct 
chromosomes were selected, counted, and photographed under oil immersion at 1000X 
magnification using a compound microscope. More than 250 seedlings o f each species were 
examined. The Univariate Procedure o f SAS was used to generate the grand mean and mode 
o f the chromosome counts for each species from which the chromosome numbers were 
estimated.




There was successful capsule formation and seed production in all the cross 
combinations attempted (Table 3). All the combinations of backcrosses using F, hybrid 
plants as pollen donors or recipients with the parents and F, hybrids resulted in successful 
seed se t Backcrosses using SA as the maternal parent produced lower capsule formation than 
other crosses. The lowest capsule set o f 68% was recorded from the cross between SA 
(female) and the F, hybrid SH/SA (male). However, the reciprocal o f this cross SH/SA 
(female) // SA (male) produced the highest capsule set o f 95%. Capsule formation of more 
than 90% was recorded for intra-specific SH crosses, the interspecific F, hybrid (SH/SA), the 
F2 hybrid (SA/SH // SH/SA) and the backcross SA/SH (female) // SA (male).
Viability, germination and pathogenicity test 
Test results presented in Table 3 indicate that seeds obtained from all the crosses were 
viable, germinable and could infect and grow successfully on maize, cv 8338-1. However, 
the cumulative estimates o f seed viability o f the interspecific hybrids and backcrosses 
generation were much less than seed viability o f the intraspecific (parental) crosses as 
follows: parental, 77%; F, hybrid, 26%, and F2 hybrid and backcrosses 17%. The same was 
true for germinability with the parents, 66%; F, hybrid, 27%; F2 hybrid, 10% and backcrosses 
13%. Estimates o f seed viability in most of the seeds tested were greater than estimates for 
seed germination, suggesting that not all the viable seeds germinated.
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Table 3. Reproductive success, seed viability and germination o f  Striga aspera (SA), 




















Parental SA/SA 73 81 85 73 60 +
Parental SH/SH 30 93 91 79 72 +
F, hybrid SA/SH 106 74 79 14 23 +
F, hybrid SH/SA 94 93 94 37 31 +
F2 hybrid SA/SH//SA/SH 16 88 81 9 3 +
F2 hybrid SH/SA // SA/SH 13 87 50 13 15 +
F, hybrid SA/SH // SH/SA 13 91 62 24 13 +
F2 hybrid SH/SA // SH/SA 28 77 72 22 10 +
Backcross SA/SH//SA 22 90 91 26 16 +
Backcross SA/SH//SH 17 86 94 10 14 +
Backcross SH/SA // SA 11 95 91 18 13 +
Backcross SH/SA //SH 17 79 100 15 19 +
Backcross SA // SA/SH 41 73 82 14 12 +
Backcross SA // SH/SA 27 68 74 21 6 +
Backcross SH // SA/SH 27 84 81 17 20 +
Backcross SH // SH/SA 27 74 64 13 5 +
a All crosses in Purdy notation (female parent / male parent) or (female parent // male parent) 
b Determined at 90 days after harvest.
0 + indicates pathogenicity and successful development o f the parasite on maize roots.
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Seed germination tests over time 
Results o f the parasite seed germination tests conducted over time are shown in Fig.
6. Freshly harvested SH seeds were the first to germinate with more than 30% germination 
at 28 days after pollination (DAP). The germination o f SH seeds did not drop below 24% one 
year after seed harvest. At harvest, SA and the F, hybrids seeds germinated poorly but 
germination increased with time, peaking at 84 to 98 DAP. The germination life span o f 
seeds from the hybrid SA/SH was short and ceased at 238 DAP with the highest germination 
peak at 84 DAP. Other seeds showed multiple germination peaks at periodic intervals and 
were still germinable after one year in storage after harvest. The germination peak between 
84 to 98 DAP was common for all the crosses but in SA, SH and the hybrid SH/SA, a second 
and a third germination peak were evident between 169 to 196 DAP and between 280 to 336 
DAP respectively. Overall mean germination o f SH seeds was more than double the 
germination o f the other seeds. However, mean germination o f SH/SA was equivalent to the 
germination o f SA seeds while germination o f SA/SH seeds was the least.
Chromosome counts
A sum m ary o f the range o f chromosome counts observed is shown in Table 4. 
Chromosome counts were obtained from shoot tip preparations o f 17 SA and 36 SH 
seedlings. Chromosome counts in nuclei from the same shoot tips were varied depending on 
level o f spread and visibilty o f the chromosomes. From the mode of the chromosome counts, 
the chromosome number for SA was estimated as n=18 and for SH, 2n=19. The means o f the 
chromosome counts were not used for this estimate because observed counts could rarely be 
greater than the exact number o f chromosomes. The count distributions were therefore not 
normal and m eans were not the best estimates o f central tendency.
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Fig. 6. Germination o f seeds o f Striga aspera , Striga herm onthica and their Fi 
hybrids using 10 m g/L GR24 solution as germ ination stim ulant.
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Table 4. Sum m ary  o f mitotic chromosome counts in Striga aspera and Striga hermonthica.
Species # of Seedlings # o f Range of Mean o f mitotic Standard Mode of mitotic
examined/# nuclei mitotic chromosome deviation chromosome
with countable counted chromosome number1’ number*
chromosomes counts1
S. aspera 256/17 63 31-38 34.8 1.95 36
S. hermonthica 350 / 36 95 26-39 34.3 3.36 38
‘ Range determined from minimum and maximum chromosome counts per nuclei. 
b Overall mean chromosome number from means o f chromosome numbers per seedling. 
c Overall mode (most frequently occuring value) o f chromosome number from mode of 
chromosome numbers per seedling.
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DISCUSSION
This study provides the first detailed report on the hybridization potential and 
reproductive success in SA, SH and their hybrids. The F„ F2 and backcross seeds from 
crosses between the two species were viable and germinable with the capability to infect a 
maize host.
A new workable system  was developed, using shoot-tip squashes, for counting 
chromosomes in root parasites that have primary haustoria where root tips are not easily 
available. The chromosome counts, based on the mode o f each species, o f n=18 for SA and 
n=19 for SH were estim ated from mitotic chromosome counts and indicate that these two 
species are likely to be diploids. These counts are contrary to earlier estimates o f n=27 for 
SA and n=32 for SH (Musselman et al. 1991) and n=30 for SA and n=40 for SH (Iwo et al. 
1993). However, as Parker and Riches (1993) suggested, the previously reported disparity 
in chromosome number between the species would not likely lead to the degree o f successful 
hybridization found in this study. The differences in chromosome counts may have been due 
to methodology and the m aterials used. Chromosome counts in the study by Musselman et 
al. (1991) were done on pollen mother cells after long, and sometimes inadequate storage, 
that may have led to chromosome breakdown (L. J. Musselman, personal communication). 
The range in chromosome counts observed in the present study was probably largely due to 
broken and/or overlapping chromosomes. In the study by Iwo et al. (1993), counts were done 
on squashed anthers and the observed nuclei may have been from anther wall cells, rather 
than pollen cells, or a m ix o f both. If this were the case, diploid chromosome counts could 
have been mistakenly interpreted as haploid, and the actual haploid estimates would be closer 
to n=15 for SA and n=20 for SH thus approaching the estimates obtained in this study. No
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m easures o f central tendency or variability in chromosome counts were reported by either 
Iwo et al. (1993) or Musselman et al. (1991).
The apparent difference o f only one meiotic chromosome between the species may 
account for the high degree o f hybridization success and relatively large number o f fertile 
progeny. This implies that natural hybridizations can occur since both species are sympatric 
in W est Africa and are strictly allogamous with common pollinators. No effective barriers 
restricting the species ability to cross were observed, thus both species may serve as gene 
reservoirs for each other and their genetic pool may be larger than earlier envisaged. The lack 
o f previous reports on natural hybridization may be due to the close resemblance o f the F, 
hybrids to both parental species (and also the close resemblance between the species). In 
nature, the hybrids could be easily mistaken as either o f the two parent species and go 
unnoticed. Thus hybrids may occur frequently in nature, but remain undetected from the 
species present in greatest abundance.
The use o f the F, hybrids as maternal parents in backcrosses with parental species 
produced a high percent o f fully formed capsules, while in the reciprocal o f these crosses, 
there were fewer fully formed capsules, resulting in poorer seed production. However, the 
significantly lower viability and germinability o f the hybrid and backcrossed seeds compared 
w ith parental seeds suggests less than 100% compatibility between SA and SH. These 
differences, in combination with the chromosome difference, support their continued 
taxonomic separation. However the ability o f both species to interbreed suggests that their 
separation at the species level may be too great, and that they may be more closely related, 
perhaps at a subspecies level.
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Doggett (1984) suggested that post harvest maturity was an adaptation in Striga 
species responsible for the inability o f freshly harvested seeds to germinate at the end o f the 
season in which they were produced. Findings in this study suggest that the first germination 
peak occurred at 84 DAP in SA and the interspecific F, hybrids. In SH, however, up to 31% 
germ ination was recorded as early as 28 DAP, the first germination peak coming at 56 DAP. 
This implies that for this species, seed dormancy period is either very short or nonexistent. 
The finding that SH seeds collected from Abu Naama in the Sudan gave a high o f up to 80% 
germination in the first three months after harvest (Parker 1983, 1984a) may be the rule 
rather than the exception. This finding contradicts earlier observations by Parker (1984a) that 
no generalization on dormancy period could be made for this species.
Apart from the hybrid SA/SH which had a relative short seed longevity, seeds o f the 
other crosses continued to germinate after one year in storage. The germination patterns were 
characterized by periods o f high germination peaks separated by periods o f low germination 
at almost fixed intervals. The cyclic rise and fall in the germination o f SH seeds with time 
were also observed by Vallance (1951), who found that germination does not take place until 
peak respiration in the SH seeds falls below a  critical value. The fluctuating patterns of 
parasite seed germination over time suggest that to ascertain the true germination o f these 
parasite seeds there is the need to conduct tests over time. In this study, a few cases, where 
parasite seeds were obtained from the same source, gave higher germination estimates than 
estimates o f viability determined from the tetrazolium test. This disparity suggests that the 
tetrazolium test was less sensitive than the seed germination tests and therefore may not be 
reliable for estimating viability in Striga seeds. This confirms the findings by Bradbeer
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(1994) that the presence o f certain adverse factors in some seeds makes the tetrazolium test 
less sensitive and it should not be used as an absolute test for seed viability.
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CHAPTER IV
EVALUATION OF VARIABILITY IN STRIGA ASPERA, STRIGA HERMONTHICA 
AND THEIR HYBRIDS USING MORPHOLOGICAL CHARACTERS AND 
RANDOM AMPLIFIED POLYMORPHIC DNA MARKERS
INTRODUCTION
M orphological characters are very commonly used to assess relationships between 
species. Hybridization success and resultant progeny fertility have been widely used as 
reliable measures o f closeness o f parental species (Murray et al. 1993). In the genus Striga, 
some species form complex groups based on their morphological sim ilarities and 
com patibility (Musselman et al. 1991, Mohamed 1994, Mohamed et al. 1996). One such 
complex is formed by Striga hermonthica and Striga aspera. These species are sympatric in 
W est Africa where they parasitize major cereal crops and wild grasses (Mohamed 1994). 
Musselman and Hepper (1986) and Musselman et al. (1991) reported that both species shared 
common insect pollinators and could be intercrossed to successfully produce seeds. The close 
morphological similarities between S. aspera and S. hermonthica have resulted in 
misidentification in areas where they occur in sympatry in West Africa (Parker and Riches 
1993). Striga aspera can usually be distinguished from S. hermonthica by the bend o f the 
corolla tube that is positioned well above the calyx and the presence o f glandular pubescence 
on the corolla tube. The corolla tube o f S. hermonthica has fewer or no glandular pubescence 
and bends ju st above the calyx (Ramaiah et al. 1983). The ratio o f the corolla tube length 
below and above the bend was determined as 1.5:1 for 5. aspera and 0.9:1 for 5. hermonthica 
(Parker 1991). W hile S. aspera commonly infects wild grasses and prefers disturbed and 
moist transient habitats along roadsides (Mohamed et al. 1996), S. hermonthica occurs
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mainly in less fertile and disturbed cultivated farmlands on crops like maize, sorghum, and 
millet.
The morphological similarities between both species have resulted in comparative studies 
related to their physiology (Tuquet et al. 1990), genetics, and evolution (Musselman et al. 
1991, Kuiper et al. 1996, Mohamed et al. 1996). Mohamed et al. (1996) proposed that both 
species may have the same origin and have only diverged with the development o f crop- 
parasitic strains and domesticated cereal crops. Aigbokhan et al. (1995) found that hybrids 
from these species were viable, could germinate, and were virulent on maize plants. Based 
on morphological data and isozymes, however, Mohamed et al. (1996) and Kuiper et al. 
(1996) supported the continued distinction o f both species as separate taxa. To the best of my 
knowledge, quantitative analysis o f morphological and genetic differences between the two 
species o f Striga and their hybrids has not been reported. This study was conducted to: (i) 
determine the level o f genetic and morphological sim ilarity between S. aspera and S. 
hermonthica and their F, hybrids; (ii) compare RAPD-based genetic similarities with 
morphological characteristics; and (iii) determine the existence o f hybrids of S. aspera and 
S. hermonthica in natural populations.
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MATERIALS AND METHODS 
Plant material
Parasite seeds used in this study were collected from natural populations o f S. aspera and 
S. hermonthica at different locations in Northern Nigeria (Fig. 7). Pure lines o f the parental 
and hybrid were produced through controlled hybridization between typical S. aspera and 
S. hermonthica plants. Fresh parasitic plants were obtained from parasites attached to roots 
o f maize roots grown in Striga infested soil. The maize cultivar 8338-1 susceptible to S. 
hermonthica was used. Upon emergence from the soil at flowering, the parasites were used 
for controlled intraspecific crosses between individuals o f either S. aspera or S. hermonthica 
to produce pure parental lines o f each species. The interspecific crosses and backcrosses 
between the two species and hybrids produced the Ft hybrids and other advanced generations. 
All controlled crossing experiments were conducted under complete insect exclusion in a 
screenhouse at the International Institute o f Tropical Agriculture (IITA), Ibadan, Nigeria 
between Nov. 1994 and May 1996. Maize planting was staggered at weekly intervals to 
synchronize flowering time between the two species o f Striga. Staggered planting was done 
by first planting maize in the later maturing S. hermonthica infested pots and in the earlier 
maturing S. aspera infested pots 4 weeks later. Fifteen pots were infested with each species 
every week for five consecutive weeks, making up a total o f 75 infested pots per species. 
Infested pots were planted with maize cv. 8338-1. As the parasites emerged and begin to 
flower, emasculation o f the flowers was done by gently pulling out the corolla tube, leaving 
the calyx tube enclosing the gynoecium (stigma, style, and ovary). Pollen was obtained from 
the male parent by longitudinally cutting open the corolla tube and collecting the mass o f 
whitish pollen grains on an inoculating needle. Pollen was immediately transferred to the







NORTHERN GUINEA SAVANNA 
SOUTHERN GUINEA SAVANNA 
HUMID FOREST
Fig. 7. Sites o f Striga aspera and Striga hermonthica collection 
in die agroecological zones o f Nigeria
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stigma o f the fem ale  parent. Reciprocal crosses within and between the two species were 
made on randomly selected plants. Capsules were harvested 14 days after pollination and 
were allowed to dry in the screenhouse under ambient conditions until they dehisced and 
released seeds. To produce F2 and backcrossed plants, 0.05 g o f seeds (about 3000 seeds) 
from plants o f each reciprocal F, cross were used to infest soil in pots which were then 
planted with the mai2e cultivar 8338-1. As the F, plants emerged and flowered, they were 
backcrossed in a reciprocal manner to randomly selected parental and F, hybrid plants as 
pollen donors or recipients. Sixteen different crosses were made. These, in Purdy notation, 
were two intraspecific crosses within S. aspera (SA/SA) and S. hermonthica (SH/SH), two 
interspecific reciprocal F, hybrids between the two species (SA/SH and SH/SA), four F, 
hybrids (SA/SH // SA/SH, SH/SA // SA/SH, SA/SH // SH/SA, and SH/SA //SH/SA) and 
eight backcrosses (SA/SH // SA, SA/SH // SH, SH/SA // SA, SH/SA // SH, SA // SA/SH, S A 
// SH/SA, SH // SA/SH, and SH // SH/SA).
Seeds obtained from all crosses were collected, air-dried under ambient screenhouse 
conditions, and stored separately in glass vials for at least 3 m onths. About 3000 parasite 
seeds from each cross were used to infest the soil in pots. Parasite plants from five pots 
planted to maize cultivar 8338-1 were used for the crosses.
Genetic analysis
DNA isolation— Three randomly selected plants from each parent and F, hybrid were 
collected 14 days after the parasites emerged from the soil. DNA was extracted from about 
4g o f fresh leaves and stem from a single parasite plant. A modified CTAB extraction 
procedure described by Porebski, Bailey and Baum (1997) was adopted for the DNA 
extraction. The m aterial from each plant was lyophilized, ground in liquid nitrogen, and
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m ixed with 15 ml prewarmed CTAB extraction buffer (100 mM Tris-HCl, 1.4 M NaCl, 20 
mM EDTA, pH 8.0, 2% CTAB, 0.3% B-mercaptoethanol). The homogenate was then 
incubated at 65°C for 60 min, and allowed to cool at room temperature for 6 min. The 
homogenate was emulsified with an equal volume o f chloroform:isoamylalcohol mixture 
(24:1) mixed by inversion and centrifuged for 20 min at 10,000 rpm. An equal volume of 
cold (-20°C) 96% ethanol was added to the supernatant The precipitated DNA was removed 
(using a bent glass rod), rinsed several times in 70% ethanol, air-dried and redissolved at 
60°C in TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.4). The mixture was allowed to 
cool before 3pi RNase (10 mg ml*1) was added and incubated for 30 min at 30°C in a  water 
bath. An equal volume o f chloroform-phenol solution was added to the mixture, which was 
then vortexed briefly and centrifuged for 20 m in at 10,000 rpm. Cold 96% ethanol was added 
to the supernatant to precipitate the DNA. The quantity o f extracted DNA was determined 
by ultra violet absorbance. The DNA samples were adjusted to 0.5 pg p i'1 by diluting with 
TE buffer.
Polymerase chain reaction 
DNA variations were assessed using eight decamer oligonucleotide primers: OPB-05 (5 - 
TGCGCCCTTC-3’), OPB-13 (5'-TTCCCCCGCT-3’), OPB-18 (5’-CCACAGCAGT-3'), 
OPC-02 (5'-GTGAGGCGTC-3'), OPD-18 (5'-GTGTGCCCCA-3’), OPE-02 (5 - 
GGTGCGGGAA-3'), OPF-16 (5-GGAGTACTGG-3'), and OPO-02 (5*-ACGTAGCGTC-3') 
(Operon Technologies, Alameda, Calif.). Approximately 5 ng o f DNA were used in a 25 pi 
amplification reaction mixture containing: 10 mM Tris-HCl (pH 8.3), 50 mM KC1, 1.5 mM 
MgCl2, 0.25 mM each o f dATP, dCTP, dGTP and dTTP, O.lpM random primer and 2 units 
o f Taq DNA polymerase. The reaction mixture was overlaid with 20pl o f mineral oil. Only
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one primer was used in each reaction. The polymerase chain reaction (PCR) was done in a 
Perkin Elmer 9600 thermocycler with the following amplification conditions: a  denaturation 
cycle at 94°C for 3 min; 45 cycles o f 1 min at 94°C, 1 min at 35°C, and 2 min at 72°C; and 
a final extension cycle at 72°C for 7 min.
RAPD analysis
The amplification products were analyzed by horizontal electrophoresis in 1.4% agarose 
gels at 5 volts/cm  interelectrode distance for 2 h using a lkb DNA ladder as a molecular 
standard. The gels were then stained in a bath containing ethidium bromide for 10 min and 
visualized and photographed under an ultraviolet transilluminator. The genetic variability 
patterns were scored on the basis of the presence or absence of amplified products. For each 
primer, the presence (1) or absence (0) o f amplified DNA bands were scored in a table using 
only those major bands whose presence or absence could be easily distinguished, ignoring 
faint and non-reproducible bands. Since RAPD products are dominant, a locus was 
considered polymorphic if  the presence o f bands was observed in only some individuals. A 
monomorphic locus had bands present in all individuals. Band sharing analysis was 
conducted based on Jaccard’s coefficient o f sim ilarity. Unweighted pair group arithmetic 
averaging was used to plot a dendrogram using NTSYS-pc program (R ohlf 1992).
Morphological analysis 
Quantitative data for 17 morphological characters (three vegetative and 14 floral 
characters) were obtained at flowering from whole plants o f the wild and hand-pollinated 
populations. Four plants were selected from each o f the hand-pollinated parents (S. aspera 
and S. hermonthica) and their F, hybrids. Each character was recorded from five samples o f 
each plant. For F2 hybrids and backcrosses, means were calculated from ten samples for each
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character and used in the analysis. Twenty plants, 16 S. aspera plants collected from Bunaji, 
Kano, Kura, Sara, Kariya, and Badeggi and four S. hermonthica plants from Kano, Abuja, 
and Mokwa, made up the wild populations. The locations were selected to reflect areas where 
both species occurred in sympatry and allopatry (Fig. 7). Bunaji and Kura were considered 
allopatric for S. aspera, and Abuja and Mokwa were considered allopatric for S. hermonthica 
because both species were isolated from each other at these locations. Baddeggi, Bagauda, 
Kano, Kariya, and Sara were considered as sympatric for both species because both species 
were observed in close proximity in these areas.
The following 17 morphological characters o f the mature parasite were recorded: 
inflorescence length (cm), number of flowers/inflorescence, plant height (cm), leaf diameter 
(mm), leaf length (mm), keel diameter (mm), width o f the three fused corolla lobes (mm), 
flower length (mm), lower corolla tube length (mm), upper corolla tube length (mm), length 
o f corolla lobe (mm), calyx teeth length (mm), calyx length (mm), bract length (mm), lower 
bract length (mm), length o f pistil (mm), and length o f the ovary (mm). Due to high 
variability, inflorescence length, number o f flowers per inflorescence, plant height, and lower 
bract length were not used in the analysis. The data were analyzed using principal component 
analysis (PCA) and the average linkage cluster analysis. Dendrograms were constructed 
based on calculated squared euclidean distances. The PCA and cluster analyses were done 
using the PRINCOMP and HCLUSTER procedures o f SAS (SAS, 1990) and Genstat 5 
program (GENSTAT Committee 1989), respectively. Eigenvector loadings from the PCA 
were used to identify morphological characters that had the most influence in separating the 
different groups while dendrograms from the hierarchical cluster analyses were used to 
determine the level o f similarities between groups and delineate clusters with close
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similarities on PCA plots. A table summarizing the morphological characteristics useful in 
separating the wild and hand-pollinated parasite populations on the first principal component 
was compiled.
Comparative matching analyses were conducted between the hand-pollinated lines 
(parental, hybrids, and backcrosses) and the selected wild samples o f both species using 
morphological data to test if  any o f the wild samples shared sim ilar morphological 
characteristics with the hybrids.




RAPD analysis.—A total o f 67 bands were obtained from the eight oligonucleotide 
primers and fifty-six bands were suitable for analysis. Seven bands from five primers were 
species specific. All the primers showed some polymorphism ranging from 38 to 86%. The 
highest level o f polymorphic bands was from primer OPB-18, with 86% polymorphism. 
Striga hermonthica had the greatest degree o f polymorphism with 45% (Table 5). Cluster 
analyses o f the bands from the parental and F, hybrids showed two major clusters separated 
at the 55% similarity index level and grouped along specific lines (Fig. 8). The F, hybrids 
(SA/SH) clustered with the S. aspera individuals while the F, hybrids (SH/SA) clustered with 
the S. hermonthica individuals. The genetic similarity within the S. aspera-SA/SH cluster 
ranged from 70 to 85% and from 65 to 75% within the S. hermonthica-SH/SA  cluster.
TABLE 5. Summary o f polymorphic RAPD marker bands shared within plant samples o f 









Striga aspera 51 18 35
Striga hermonthica 49 22 45
F, hybrid (SA/SH) 49 15 31
F, hybrid (SH/SA) 47 18 38
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Fig. 8. Dendrogram showing genetic similarity between 
Striga aspera, Striga hermonthica and their reciprocal Ft 
hybrids.
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Morphological analysis 
Hand-pollinated population.—The first principal component (PCI) scores between S. 
aspera and S. hermonthica accounted for 63% o f the variation between the species (Table 
6). Calyx, lower corolla tube, pistil length, and leaf width were the major characters 
responsible for separation along PC I. Separation along the second principal component 
(PC2) accounted for only 20% o f the variation with width o f the 3 fused petals and pistil 
length as major contributors. Cluster analysis showed two clusters grouped by species and 
joined at the 50% similarity index level.
Like the parent species, separation o f the two hybrids was primarily along PC I. High 
positive values for flower length, keel diameter, and calyx lobe length were the major 
contributors in separating SA/SH from SH/SA (Table 6).
A plot o f scores for the two principal components comparing S. aspera, S. hermonthica, 
and their F, hybrids is shown in Fig. 9A.The parents and the hybrids were separated mainly 
along PC I. Both species occupied distinct and extreme positions and their F, hybrids were 
intermediate. The first principal component accounted for 47% o f the variation while PC2 
accounted for 30%. Bract, calyx, and pistil length were the major characters responsible for 
the separation along PCI (Table 6). Separation o f clusters on PC2 was based on differences 
in flower length, keel diameter, and corolla lobe length.
The PCA plot of all the hand-pollinated parents, hybrids, and backcrosses is shown in 
(Fig. 9B). Two major composite clusters were evident in this plot. The major dispersions 
were along PC I, which accounted for 43% o f the variation. Striga aspera and S. hermonthica 
were also separated along PC2, which accounted for 31% of the variation. Calyx, ovary, and
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TABLE 6. Summary o f total variation and important morphological characters useful for 
separating different comparative classes on the first principal component (PC 1) from 
principal component analysis using 13 morphological characters o f wild and hand 
pollinated Striga aspera, Striga hermonthica, and their hybrids and backcrosses.
Classes compared
Total variation 
accounted for by PC 1
Characters useful in separating 
classes on PC 1 in descending 
order o f  importance
Hand-pollinated parents 
(S. aspera and S. herm onthica)
63% length o f  calyx
length o f  pistil
length o f  lower corolla tube
leaf width
Reciprocal F, hybrids 51% length o f  flower 
keel diameter 
length o f  corolla lobe
Parents and reciprocal F, 
hybrids
47% length o f  bract 
length o f  calyx 
length o f  pistil
Wild populations o f  S. aspera  
and S. herm onthica
53% Length o f  calyx
width o f  3 fused corolla lobes
length o f  pistil
Parents, reciprocal F, hybrids 
and wild population
35% leaf length 
leaf width
length o f  calyx teeth
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D =  SH/SA //SA/SH 
@ =  SA/SH// SH/SA 
(g )=  SH/SA//SH/SA 
© =  SA/SH//SA 
© =  SA/SH //SH 
@ =  SH/SA//SA 
© =  SH/SA//SH
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First principal component
Fig. 9. Plot o f scores from principal component analysis based on 13 
morphological characters o f (A) hand pollinated populations o f Striga aspera 
(SA), Striga hermonthica (SH) and their Fi reciprocal hybrids. (B) Striga aspera 
(SA), Striga hermonthica (SH) and their Fi and F2 hybrids and backcrossess.
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upper corolla tube length were the major contributors to the dispersion on PCI (Table 6). 
A summary of the loadings on the first two principal components is shown in Table 7. One 
composite cluster was formed around the S. aspera cluster and the cluster formed by the 
backcrosses SA/SH // SA and SA // SA/SH. These backcrosses and the S. aspera cluster were 
similar at the 85% level. The other composite cluster had five sub-clusters: a Striga 
hermonthica cluster and four other clusters containing the F, and F2 hybrids and six 
backcrosses. The hybrids and backcrosses in this composite cluster were morphologically 
like S. hermonthica at similarity levels ranging from 85 to 95%. Hierarchical cluster analysis 
showed that the two main clusters around S. aspera and S. hermonthica were 70% similar.
Wild populations.—The PCA plot o f samples o f both species from the wild population 
is shown in Fig. 10A. Samples were separated mainly along PC I, which accounted for 53% 
o f the variation. Each species occupied different positions on the plot with some S. aspera 
samples from Bagauda, Badeggi, and Sara making up a separate cluster. Length o f calyx, 
width o f the 3 fused corolla lobes, and length o f pistil were the major characters that 
accounted for the separation along PCI (Tables 6 and 7). The morphological similarity 
between the S. aspera and S. hermonthica clusters was 70%. More variability was observed 
within the S. aspera group which had two clusters separated at 80% similarity level. 
Similarity within S. hermonthica samples ranged from 90 to 95%.
Comparative analyses ofw ild and handpollinatedpopulations.—The PCA plot o f scores 
o f the wild samples and the hand-pollinated parental lines and F, hybrids is shown in Fig. 
10B. Dispersion was mainly along PCI, which accounted for 35% of the variation. Leaf
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TABLE 7.Eigenvectors o f the first two principal components from principal component 
analysis o f 13 morphological characters o f wild samples o f Striga aspera and 
S. hermonthica from nine randomly selected locations in Nigeria and hand-pollinated 
populations from Striga aspera and S. hermonthica and their hybrids.
Eigenvectors
Wild population Hand-pollinated population
Variable PC 1 PC 2 PCI PC2
leaf width 0.287 0.104 0.243 -0.270
leaf length 0.274 0.086 0.290 -0.230
keel diameter 0.238 0.104 0.218 0.331
width o f 3 fused corolla 0.334* 0.171 0.317 0.216
length o f flower 0.250 0.274 0.260 0.363
length o f lower corolla tube -0.156 -0.347* 0.007 0.408*
length o f upper corolla tube 0.263 0.360* 0.333* -0.017
length o f corolla lobe 0.295 0.314 0.263 0.331
length o f calyx tooth 0.245 -0.302 0.305 -0.207
length o f calyx -0.334* 0.292 0.381* -0.108
length o f bract -0.207 0.402* 0.287 -0.273
length o f pistil 0.332* -0.245 -0.088 0.412*
length o f ovary 0.322 -0.341 0.360* 0.090
* Most important morphological characters contributing to the variations in each principal
component.
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Fig. 10. Plot of scores from principal component analysis based on 13 
morphological characters o f (A) wild samples o f Striga aspera (S A), Striga 
hermonthica (SH) populations from selected locations in Nigeria. (B) 
combined analysis of wild populations o f Striga aspera (SA), Striga 
hermonthica (SH) and hand-pollinated populations o f both species and their 
Fi hybrids.
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length, leaf width, and calyx tooth length were responsible for the dispersion on PCI (Table 
6). Dispersion along PC2 was due to the differences in flower length and inverse ratio o f the 
length o f corolla lobe. Like the hand-pollinated parental lines, most o f the wild samples of 
S. aspera and S. hermonthica formed separate and distinct groups at both extremes along 
PCI. The hierarchical cluster analysis revealed four major clusters: a  S. aspera cluster, a S. 
hermonthica cluster, and two intermediate hybrid clusters. The S. aspera and S. hermonthica 
clusters were 80% similar and positioned at opposite ends with two intermediate clusters 
between them at 85% similarity. Most wild samples clustered w ith hand-pollinated 
populations o f either S. aspera or S. hermonthica. Two wild samples from Badeggi and one 
from Sara clustered with the F, hybrid (SA/SH) while two wild samples from Badeggi and 
one each from Kariya, Bagauda, and Kano clustered with the F, hybrid (SH/SA).
The PCA plot o f scores o f all the hand-pollinated samples, including F2s and 
backcrosses, and the wild samples was similar to that shown in Fig. 10B, with the F2s and 
backcrosses widely dispersed along PCI. Most o f the F2s and backcrosses were 
morphologically similar to S. hermonthica.
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DISCUSSION
Results show that S. aspera and S. hermonthica are genetically and morphologically 
different. The high level o f DNA polymorphism among the different parasites implies that 
the genome o f the samples was heterogenous because S. aspera and S. hermonthica are 
obligate allogamous species (Safa et al. 1984). The genetic analysis also showed strong 
evidence o f maternal inheritance o f the RAPD products in the reciprocal F, hybrids. 
However, the RAPD technique could not effectively distinguish F, hybrids from their 
respective maternal parent. The mixed clusters o f each parental line with their maternal F t 
hybrids may have been due to the presence o f homozygous dominant and heterozygous 
dominant RAPD products within each group. Sale et al. (1996) reported that RAPD markers 
are dominant and that high numbers o f bands in one species may bias the F, hybrid sample 
toward that species. From isozyme studies, Kuiper et al. (1996) reported a relatively higher 
level o f genetic similarity (83%) between S. aspera and S. hermonthica than the 55% 
similarity based on RAPDs in this study. Balakrishna (1995), Ratnaparkhe et al. (1995), and 
Tatinenti et al. (1996) have observed that the RAPD technique contributes to better 
characterization than isozymes because of the limited number o f polymorphisms that can be 
detected by isozymes. Therefore, the low level o f genetic similarities between S. hermonthica 
and S. aspera in this study may be more reliable than previous conclusions from isozyme 
analyses. This is supported by the relatively low level o f morphological similarity between 
the species.
Mohamed et al. (1996) identified leaf size, flower density, inflorescence length, habitat 
type, presence or absence o f flower stalk, equality o f calyx teeth, and number o f calyx ribs 
as the major characters separating S. aspera from S. hermonthica. In this study, leaf width,
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calyx length, pistil length, and lower corolla tube length were important morphological 
characters for separating the two taxa. Cluster analyses based on these characters showed a 
relatively low (50%) level o f morphological similarity between the two species. From field 
inspections, this relatively low level o f similarity is often obscured by the outstanding 
similarity in flower color and growth habit.
The reciprocal F, hybrids were morphologically distinct and intermediate to S. aspera 
and S. hermonthica, and most of the wild samples o f Striga aspera and S. hermonthica 
clustered around the hand-pollinated parents of the respective species. This suggests that 
most wild samples were true breeds o f the respective species. Parasites that were 
morphologically similar to true hybrids were found in the wild at Badeggi, Sara, Kariya, and 
Bagauda, Nigeria where both species are sympatric. Samples from locations considered to 
be allopatric for either species, like Kura and Bunaji for S. aspera and Mokwa and Abuja for 
S. hermonthica, consistently clustered with the respective hand-pollinated species. Most of 
the F2s and backcrosses had morphological features similar to S. hermonthica suggesting that 
morphological traits in S. hermonthica may be dominant over those in S. aspera. This may 
also account for the putatively more widespread distribution o f S. hermonthica compared to 
S. aspera.
The low level of genetic similarity between both species, as shown by RAPD markers, 
supports their status as separate taxa as in earlier reports (Mohamed et al. 1996, Kuiper et al. 
1996). However, the ability o f the two species to freely hybridize and produce viable seeds 
indicates that they may be more closely related, perhaps at the subspecies level.
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CHAPTER V
RESPONSE OF TWO MAIZE CULTIVARS TO PARASITIZATION BY STRIGA 
ASPERA, STRIGA HERMONTHICA AND THEIR F, HYBRIDS
INTRODUCTION
A component o f integrated Striga species management, especially among resource poor 
subsistence fanners in Africa and Asia, is host resistance breeding (Berner et al. 1996). 
Resistant crop cultivars require less costly input and are, therefore, practical for use in 
subsistence agriculture common in Africa (Ramaiah and Parker 1982, Ramaiah 1984, Efron 
1993). Breeding for host plant resistance to Striga hermonthica and S. asiatica L. (Kuntze) 
has been sought to control these pests in Africa and Asia with little success (Ramaiah 1984, 
Kim 1991). In the early 1980's, Ramaiah (1983) and Efron et al. (1986) identified the 
existence o f different strains and biotypes o f Striga and suggested that this could mitigate 
against the option of breeding maize for Striga resistance. According to Vasudeva Rao and 
Musselman (1987), resistance at one location did not hold up at other locations where more 
virulent forms o f Striga were suspected. At these locations, parasite isolates were often 
branded as "more virulent stains" and "less virulent strains". After several years of 
continuous effort to breed maize resistant to S. hermonthica, limited successes have been 
made in producing Striga tolerant maize hybrids (Kim 1991). The presence o f physiological 
variants among Striga has been linked to inconsistency in the performance o f Striga 
resistance o f host material introduced at different locations. According to Ramaiah (1984), 
figuring out the variability o f a pathogen is necessary before deciding on the breeding 
strategies to adopt in developing cultivars with stable and broad spectrum resistance. 
Ramaiah and Parker (1982) had shown earlier that tremendous variability existed in the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
60
populations o f S. hermonthica and S. asiatica that resulted in strains specific to different 
crops. The existence o f physiological strains in S. hermonthica has been reported by other 
workers (W ilson Jones 1955, King and Zummo 1977, Parker and Reid 1979, 
Bharathalakshmi 1981, Bebawi 1981).
Striga aspera superficially resembles S. hermonthica and is often confused with it. 
Compared with S. hermonthica, S. aspera has received less research attention because it was 
earlier thought to thrive mostly on grassy weeds, and thus was considered as unimportant to 
humans. Observations in the field have shown that S. aspera is devastating on the maize 
hybrid 8322-13, which is well known for its tolerance to S. hermonthica (Kim 1992, Kim and 
Adetimirin 1997).
The phenomenon o f primary intergradation, where a series o f intermediate hybrid 
populations connects the two species, is a novel development in Striga research. Until 
recently, S. hermonthica and S. aspera were regarded as distinct species with no exchange 
o f genetic material. Although Ralston et al. (1987) unsuccessfully attempted to hybridize 
three different species o f Striga, Musselman et al. (1991) were first to report that S. aspera 
and S. hermonthica are interfertile. Apparently using the chromosome estimates for S. aspera 
and S. hermonthica reported in Musselman et al. (1991), Parker and Riches (1993) argued 
that because o f the large differences in chromosome number in both species, the likelihood 
o f their hybrids being viable was quite remote. Recent findings have shown that the 
differences in chromosome number in the two species were smaller than earlier reported and 
that the hybrid seeds were viable, could germinate and are pathogenic on maize (Aigbokhan 
eta l. 1995, Aigbokhan et al. 1998).
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The objectives o f this study were to determine the degree o f pathogenicity and 
aggressiveness o f hybrids o f S.hermonthica and S. aspera on two maize cultivars and to 
compare phenological attributes like time o f first parasite emergence and flowering in the 
hybrids and in both parental species.
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MATERIALS AND METHODS 
Hybridization
This experiment was conducted between May and August 1995 in a screenhouse at the 
International Institute o f Tropical Agriculture, Ibadan, Nigeria. The procedure used for 
m aking  crosses was previously described. The initial Striga aspera and S. hermonthica plant 
materials used for the crosses were derived from parasite seeds collected in the wild at Kano 
and Mokwa, Nigeria, respectively. Intraspecific hybridization within each species produced 
seeds o f the parental lines o f S. aspera and S. hermonthica. Reciprocal F, hybrid seeds were 
obtained from interspecific crosses between S. aspera and S. hermonthica. Cross 
designations o f the parental and F, crosses were as follows: S. aspera X S. aspera = (SA/SA), 
S. hermonthica X  S. hermonthica = (SH/SH), S. aspera (female) X S. hermonthica (male) 
= (SA/SH), and S. hermonthica (female) X S. aspera (male) = (SH/SA).
Host parasitization
To test for host parasitization, 0.05g (about 3000 germinable seeds) o f parasite seeds 
from each cross were used to infest soil in each pot. There were seven infestation treatments, 
six o f which were infested with parasite seeds. The seventh was an uninfested treatment used 
as control. Four o f the infested treatments had seeds derived from artificial hybridization, i.e 
two from intraspecific crosses, two from F, hybrid seeds from the inter-specific crosses. To 
compare the effects o f parasite seeds obtained from artificial hybridization with those from 
the wild, the remaining two treatments were infested with S. aspera and S. hermonthica seeds 
that were collected from Kano-Nigeria in 1993. These treatments were designated as S. 
aspera (SA wild) and S. hermonthica (SH wild).
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Upon infestation, the soil/parasite seed mixture in each treatment was thoroughly mixed, 
watered and kept for four days under moist conditions to allow the parasite seeds to imbibe 
water before maize seeds were planted. Five maize seeds were initially planted in each pot. 
The germ inated maize seedlings were thinned to one, eight days later. The two maize 
cultivars used as hosts were cv 8338-1 (Striga susceptible) and cv 8322-13 (termed Striga 
tolerant and partial in resistance to Striga hermonthica'). To supplement the nutrient status 
o f the soil in the pot, 0.038g NPK (equivalent o f 30kg ha'1) was added to each pot at 26 days 
after planting (DAP) o f maize. The experimental design was a completely randomized block 
design w ith two class variables (Striga infestation and maize cultivar) in a 7 X 2 
combinations w ith five replications.
At first parasite emergence, time to first parasite emergence, number of expanded maize 
leaves and maize plant height in each pot were measured in each infested treatment. 
Afterwards tim e to parasite flowering in DAP and maize plant height at 42 DAP were 
recorded. The experiment was harvested at 65 DAP and the following parameters were 
measured: maize plant height at harvest, dry maize shoot biomass and number o f emerged 
parasites per maize plant. Maize senescence in each experimental unit was determined at 
separate tim es. Senescence was determined by visual assessment o f the relative amount o f 
live (green) and dead (brown) above ground shoot tissue, and senescence was inferred once 
no live green tissue was observed on the maize plant. The data were analyzed using the 
General Linear M odel procedure o f SAS and treatm ent means were separated using least 
significant differences at P<0.05.




The phenology o f wild and hand-pollinated populations o f Striga hermonthica or S. 
aspera and their effect on maize parasitization followed similar patterns. Parasite emergences 
in the two maize cultivars were similar. The mean time to first parasite emergence from the 
pooled data from the two maize cultivars is shown in Fig. 11. Striga aspera and the hybrid 
SH/SA were the first to emerge at 25 DAP followed by Striga hermonthica at 30 DAP and 
the hybrid SA/SH at 32 DAP. Time to flowering (Fig. 12) showed that among the parasites, 
flowering occurred simultaneously in S. aspera and the hybrid SH/SA plants at 58 DAP. The 
hybrid SA/SH flowered at 70 DAP, while S. hermonthica flowered at 76 DAP.
Parasitic effect on maize growth
The number o f expanded leaves in infected maize at first parasite emergence ranged from 
six to eight leaves (Fig. 13), with no significant differences at P<0.05 in all the treatments. 
Maize height, taken at first parasite emergence, 42 DAP and 65 DAP (Figure 14), showed 
a significant height reduction o f the infected maize compared with maize height in the 
uninfected control treatment. Maize plant height reduction was evident as early as the time 
o f first parasite emergence. At this time, maize plants infected with S. aspera and the F, 
hybrid SH/SA showed severe stunting. No significant gain in the plant heights was observed 
in the infected maize plants between time o f first parasite emergence and at harvest.
The parasitic effect on shoot biomass yields is shown in Fig. 15. Shoot biomass yields 
produced in all the infected maize plants were lower compared with the maize plants that 
were uninfected. Maize plants infected with the hybrid SH/SA recorded the least shoot 
biomass yields in both maize cultivars. Shoot biomass yields in the uninfected maize plants
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Fig. 11. Time to parasite emergence in two maize 
cultivars infected with Striga aspera, S. hermonthica 
and their reciprocal F, hybrids.
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Rg. 12. Time to parasite flowering in maize plants infected 
with Striga aspera, Striga hermonthica and their F i hybrids.
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Fig. 13. Number of expanded maize leaves at first parasite emergence 
in maize plants infected with Striga aspera, S. hermonthica and their 
hybrids
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Fig. 14. Effect on plant height in two maize hybrids infected with Striga 
aspera, S. hermonthica and their Fi hybrids at first parasite emergence, 
42 and 65 days after planting (DAP).
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Maize cultivar 8338-1 
Striga susceptible
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Striga tolerant
Fig. 15. Parasitic effect on dry shoot biomass at harvest o f two maize 
cultivars infected with Striga aspera, S. hermonthica and their Fi hybrids.
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were eigh t tim es  more than in m aize infected with the hybrid SH/SA. The total number of 
emerged parasites per m aize  plant in infested treatm ents is shown in Fig. 16. Patterns o f 
parasite emergence for both m aize cultivars were similar. However, more parasites emerged 
from the susceptible maize cultivar 8338-1. Among the infected treatments, the mean total 
number o f emerged parasites per maize plant was significantly different at P < 0.05. Maize 
plants infected with the F, Striga hybrid (SH/SA) produced the highest mean number, 25 and 
14 emerged parasites per maize plant, in susceptible and tolerant maize cultivars respectively. 
The lowest mean emerged parasite counts o f two and five emerged parasites per maize plant 
were obtained from the susceptible and tolerant maize cultivars infected with S. hermonthica.
The different treatments (Fig. 17) showed that maize senescence occurred between 60-65 
DAP in plants infected with the hybrid SH/SA, much earlier than senescence in maize plants 
infected with S. aspera, that occurred after 74 DAP. In treatments infected with the hybrid 
SA/SH, S. hermonthica and the uninfected control, senescence occurred after 85 DAP.
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Fig. 16. Total em erged parasites per host in two maize cultivars infected 
with Striga aspera, S. hermonthica and their reciprocal F l hybrids


















| S. aspera X  S. aspera 
| S. hermonthica X  S. hermonthica 
[ I S. aspera X  S. hermonthica
£ 5 .  hermonthica X S. aspera
[MIS, hermonthica (Wild)




Maize hybrid 8338 -1 
Striga susceptible
Maize hybrid 8322-13 
Striga tolerant
H g. 17. Parasitic effect on incident o f senescence in two maize 
cultivars infected with Striga aspera, S. hermonthica and their Fl 
reciprocal hybrids.
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DISCUSSION
This study indicates that differential host parasitization on maize exists between Striga 
aspera and S. hermonthica and their reciprocal F, hybrids. The F, hybrid (SH/SA) was shown 
to be more virulent and aggressive on the two maize cultivars tested than in either S. aspera 
or S. hermonthica. This suggests that the gene pool for virulence and aggressiveness in S. 
aspera and S. hermonthica species may be more extensive than earlier assumed. Earlier 
studies (Ramaiah 1983) have implicated S. hermonthica strains and biotypes in the slow 
progress in breeding maize for Striga resistance. The presence o f  virulent hybrid populations 
in nature may contribute to the formation o f these virulent strains.
M aize breeding for Striga resistance in maize has been done on muldlocational trials 
based on selection o f genotypes under S. hermonthica pressure only. The genetic 
interchanges between S. aspera and S. hermonthica through natural hybridization may 
introduce novel genes from the fertile hybrids into the gene pool thus rendering unsuitable 
any resistance in the selected Striga  resistant maize. Earlier reports referr to strains or 
biotypes in the population o f S. hermonthica that may likely have been one o f these hybrids. 
Findings in this study suggest that all related species like S. aspera and S. hermonthica and 
their hybrids should be incorporated in future breeding programs for Striga  resistance. It is 
possible that the little success so far recorded in attempts to breed for Striga  resistance may 
have been due to the exclusion o f  genetic materials in S. aspera and hybrids during the 
selection process. This study has shown evidence of differential reactions between different 
Striga populations and their hybrids, thus meeting earlier request for repeatable experimental 
evidence to establish the presence o f physiological strains in Striga species (Vasudeva Rao 
and Musselman 1987). It is not certain whether the strains o f S. hermonthica reported in the
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literature were true hybrids. The variants o f S. hermonthica were described as intraspecific 
variants (Bebawi 1981), thus suggesting a close morphological resemblance. Ramaiah (1986) 
also observed that some intermediate hybrid forms exist in zones where sorghum and millet 
are grown together and that the S. hermonthica plants flower simultaneously. The difference 
in the time o f flowering in  both species may limit the frequency o f occurrence o f the hybrids 
in nature. Hybridization favoring the production o f the hybrid SH/SA may be more likely in 
nature because the late flowering S. hermonthica are more likely to serve as pollen receptors 
from S. aspera. Staggered planting o f maize resulting from differences in planting dates in 
adjacent fields with the two species may result in their flowering simultaneously.
The maize cultivar 8322-13, though exhibiting some degree o f tolerance to S. 
hermonthica, was, however, completely susceptible to the hybrid SH/SA and S. aspera. It 
can be argued that the susceptibility o f this maize cultivar was because o f breeding selection 
based solely on S. hermonthica in isolation o f S. aspera and the hybrid. This implies that all 
known strains and closely related Striga species need to be considered during the breeding 
and selection process for Striga resistance. Bebawi (1981) had shown earlier that 
conventional resistant cultivars break down if  exposed to a new Striga strain.
The observed reactions in maize parasitized by S. aspera and S. hermonthica derived 
from controlled hybridization and those collected from the wild population followed a 
sim ilar pattern. This suggests that the wild samples o f S. aspera and S. hermonthica were 
pure lines o f each species and not o f hybrid origin.
The early parasite emergence patterns in S. aspera compared with S. hermonthica 
confirmed earlier observations that S. aspera appears earlier than S. hermonthica in nature 
(Musselman et al. 1991). However, the mean time o f first parasite emergence at 35 DAP was
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earlier than 42 days after crop germination reported by Webb and Smith (1996). Time to 
parasite emergence and flowering were different and unique to each species and the hybrids. 
These phenological attributes could serve as additional diagnostic characteristics for 
distinguishing between S. aspera, S. hermonthica and their hybrids. The reciprocal 
interspecific F, hybrids were different from each other and had pathogenic and phenological 
attributes that were closer to that o f their paternal parent. The mechanisms for this 
phenomenon are unknown. Future studies are required to better understand the processes 
involved.
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CHAPTER VI
EFFECT OF DUAL INFECTION OF TWO MAIZE HYBRIDS BY STRIGA ASPERA
AND STRIGA HERMONTHICA ON PARASITIC DEVELOPMENT AND HOST
PERFORMANCE
INTRODUCTION
The ability of species to coexist or eliminate each other by competition is a function of 
their relative competitive aptitude and their carrying capacities (Edelstein-Keshet 1988). 
Competition represents a negative relationship between two populations in which both 
populations are adversely affected with respect to their survival and growth (Veldkamp et al. 
1984). Radosevich et al. (1997) observed that terminologies used among ecologists to 
describe interference, especially negative interference, in the literature is not consistent. 
Researchers have largely ignored the ecology o f parasitic plants; although, the role of 
parasites in shaping population and community dynamics have long been recognized and 
appreciated (Marvier 1996). Most studies on the impact o f parasitic plants have been done 
on agroecosystems with few studies on other communities (Musselman and Press 1995). The 
effects o f parasitic plants on competition by different host species represent strong 
corroborative evidence that parasitic plants affect host population dynamics. Other effects 
include genetic variation, species diversity, spatial distribution and interspecific interactions 
(Burdon and Chilvers 1977, Burdon et al. 1984, Gibson 1986, Watkinson and Gibson 1988).
Studies on the ecology o f hemiparasites have almost exclusively dealt with the parasitic 
part o f the hemiparasite-host relationship (Matthies 1995). Matthies (1995) showed that some 
com petitive effects between the host and the parasite may play an important role in the 
relationship between hemiparasites and their host Many parasitic plants are known to attack
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a  wide diversity o f hosts, while some can use multiple host species simultaneously (Atsatt 
and Strong 1970). Few reports are available in the literature on the competitive interactions 
between two hemiparasites infecting the same host (Matthies 1995). Studies on interactions 
in parasitic plants in the literature include the following: the effect o f multiple parasites on 
a  single host (M atthies 1995), the effect o f a parasite on mixtures o f host plants (M atthies 
1996) and tritrophic interactions dealing with the host plants, parasitic plants and their 
herbivores (M arvier 1996).
It is common knowledge that in the early underground growth stages o f Striga, it is 
completely dependent on its host for water and nutrients (Parker and Riches 1993). In sub- 
Saharan Africa, Striga hermonthica is predominantly found in agroecosystems parasitizing 
major cultivated cereals while S. aspera occurs in the wild parasitizing wild grasses. Recent 
findings have shown that S. aspera can parasitize maize and, to a  lesser extent, sorghum 
(Raynal-Rogues 1991, Parker and Riches 1993). Close morphological sim ilarities between 
S. hermonthica and S. aspera have often resulted in misidentification o f both species 
especially in areas where they overlap in West Africa (Parker and Riches 1993). Though S. 
aspera and S. hermonthica are sympatric at some ecological zones in West Africa, both 
species are rarely found parasitizing the same host simultaneously. Mohamed (1994) reported 
that the two species do not occur on a single host at the same site. The occurrence o f S. 
aspera and S. hermonthica in the same agroecological zones and their ability to parasitize 
maize increases the likelihood that in nature both species can parasitize the same host 
simultaneously.
In this study, the hypothesis was that when S. aspera and S. hermonthica simultaneously 
infect a common maize plant, both parasites will interact competitively. The following
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questions were addressed: (i) are there any selective pressures operating between S. aspera 
and S. hermonthica when they infect a common host? (ii) does the presence o f one parasite 
species suppress the other when both infect a  common host? (iii) does the presence o f both 
parasites simultaneously affect host performance?
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MATERIALS AND METHODS 
This study was conducted in a Striga screenhouse facility at the International Institute of 
Tropical Agriculture (IITA), Ibadan, Nigeria. Two pot experiments (Experiment 1 and 
Experiment 2) were conducted at different intervals between May 1995 and August 1995.
Parasite seed collection and Pot Infestation 
Seeds o f Striga aspera and S. hermonthica used in all the infestation treatments were 
previously collected from Kano in 1993 and stored in plastic containers at ambient room 
temperatures. The pot infestation procedure was as previously described. Eight infestation 
treatments were employed in Experiment I and Experiment 2. Seven o f the infestation 
treatments were infested or inoculated with parasite seeds. The last infested treatment, 
designated as (0), was uninoculated and served as a no parasite control. In the infested 
treatments, parasite seeds were incorporated with topsoil contained in pots. One treatment 
was infested with S. hermonthica only and designated as (SH). Another (SA) was infested 
with S. aspera only. Seed density rates in both treatments were at a rate o f 0.05g seeds /  pot 
(containing about 3000 germinable seeds). The remaining five infested treatments had binary 
mixtures o f S. hermonthica / S. aspera at different proportions o f seed inoculum and were 
designated as (1), (2), (3), (4) and (5). In Experiment 1, treatments with seed inoculum 
mixtures had constant inoculum rates o f S. hermonthica at 0.05g seeds / pot. Seed inoculum 
rates of S. aspera ranged between 0.0 lg  and 0.05g seeds / pot. Seed inoculum ratios in the 
mixture treatments in Experiment 2 were the reverse o f Experiment 1, i.e. with the seed 
inoculum density o f S. aspera maintained at a  constant rate of 0.05g /  pot and S. hermonthica 
seed inoculum density varied. Ranges o f seed densities in the mixture treatments were in the 
following proportions: 1:5 ,2:5, 3:5, 4:5, and 5:5. The seed inoculum density by weight in
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the different mixture treatments of both experiments were designated by as follows: (1) for 
0 .0lg  : 0.05g, (2) for 0.02g : 0.05g, (3) for 0.03g : 0.05g, (4) for 0.04g : 0.05g and (5) for 
0.05g : 0.05g. The host used in both experiments were two maize cultivars: cv 8338-1 and 
cv 8322-18. Maize cultivar 8338-1 is susceptible to S. hermonthica while cv 8322-18 is 
tolerant to S. hermonthica. At first, five maize seeds were planted in each pot, but were later 
thinned to one maize plant per pot after seedling establishment and watered daily. Each 
treatment in both experiments had five replications.
Upon emergence, the parasites were identified, grouped by type species and then counted. 
The close morphological similarity o f the emerging seedlings of S. hermonthica and S. 
aspera made distinguishing between them at this stage difficult. At emergence, S. 
hermonthica and S. aspera were differentiated based on the shoot color and appearance o f 
the emerging parasite seedlings. The shoot tips o f S. hermonthica seedlings at emergence 
were brown to maroon in color and were sturdy and robust in appearance. Emerging S. 
aspera seedlings had green shoot tips and were much thinner with a delicate appearance. 
Each emerged parasite was tagged after identification. At flowering, diagnostic floral 
characteristics were used to confirm the species category o f each seedling.
Mean time to first parasite emergence in days after maize planting was used to estimate 
time to parasite emergence. Mean number o f emerged parasites o f both species per maize 
plant was used as an estimate of relative aggressiveness o f each species in the different 
treatment combinations.
Host performances under the different treatm ent combinations were estimated using 
maize height, maize shoot biomass and time to maize senescence. Maize height was taken 
at first parasite emergence, 42 days after planting (DAP) and at 65 DAP (harvest). The above
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ground maize biomass was determined from shoot samples dried at 80° C for 48 h. Maize 
senescence was estimated at time o f harvest o f each experimental unit. Senescence was 
determ ined by visual assessment o f  the relative amount o f live (green) and dead (brown) 
above ground shoot tissue. Senescence was inferred once the maize leaves turn brown or 
when the entire maize plant turned completely brown.
A 2-factor (seed infestation X maize cultivar) randomized block ANOVA was used to 
analyze the data on SAS. Treatment means comparisons were done for total emerged parasite 
counts per maize plant; maize height and shoot biomass at harvest were calculated on SAS 
using least significant differences (LSD) at P < 0.05.
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RESULTS
Summary o f the results from the data analysis (Table 8) shows significant differences at 
P < 0.0S between the two maize cultivars and the infestation treatment in Experiment 1 and 
Experiment 2.
Effect o f dual infection o f  maize on time to fir s t parasite emergence 
The incidence o f first parasite emergence (Fig. 18) was similar on both maize hosts in 
Experiment 1 and Experiment 2. Early parasite emergences at 24-28 DAP were observed in 
maize plants infected with S. aspera only and most o f the treatments with mixtures o f both 
species. In maize plants infected with only S. hermonthica, the incidence o f first parasites 
emergence occurred much later at 30-35 DAP.
Effect o f  dual infection o f  maize on number o f  emerged Striga hermonthica 
Number o f emerged S. hermonthica plants in all the infected treatments did not follow 
any specific pattern. However, more S. hermonthica plants emerged from treatments infected 
w ith only S. hermonthica seed inoculum (SH) than from treatments with seed inoculum 
mixtures o f both species (1-5). Fewer emerged S. hermonthica plants were recorded in the 
mixture treatment (5) o f Experiment 2 than in (SH) which had the same S. hermonthica seed 
inoculum load (Fig. 19).
Effect o f dual infection o f  maize on number o f  emerged Striga aspera 
M aize plants infected w ith only S. aspera seed inoculum supported more emerged S. 
aspera than in infested mixtures o f S. aspera and S. hermonthica. Increases in S. aspera seed 
inoculum in Experiment 1 resulted in a corresponding increase in emergence o f S. aspera 
plants. The number o f emerged S. aspera plants in mixture treatm ent (5) were fewer than in 
the treatm ent (SA) that was infected with only S. aspera, although both had equivalent S.

















Table 8. Summary of probabilty of a greater F value (P > F) from general linear model analysis on SAS showing the level of
significance of the dependent variables at each class variable and their interactions in two experiments on the effects of dual 
infection of two maize cultivars with Striga aspera and Striga hermonthica.
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Cultivar . 0.196 0.0015 0.0132 0.0126 0.003 0.692 0.500 0.048
NS* * * ♦* NS NS *
Treatment 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
+M ♦ ** *M *♦* M* #** «M M*
Cultivar'Treatment 0.599 0.769 0.08 0.722 0.361 0.022 0.429 0.0048
NS NS NS NS NS * NS ***
Experiment 2
Cultivar 1.000 0.262 0.17 0.532 0.065 0.617 0.125 0.370
NS NS NS NS NS NS NS NS
Treatment 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
*** ### ♦ ** *** *** *** *** ***
Cultivar'Treatment 0.432 0.982 0.1986 0.995 0.604 0.827 0.827 0.997
NS NS NS NS NS NS NS NS
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Fig. 18. Effect o f dual infection o f maize with Striga asperu and Striga 
hermonthica on tim e to first parasite emergence. SA = maize infected with S. 
aspera only, SH =  maize infected with S. hermonthica only, and maize 
infected with seed inoculum mixtures o f S. aspera and S. hermonthica at 
different rates (1 - 5).
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Fig. 19. Effect o f dual infection of maize with Striga aspera and Striga 
hermonthica on number emerged S. aspera and S. hermonthica. SH = maize 
plants infected with S. hermonthica only, SA = maize plants infected with S. 
aspera only and maize plants infected with seed inoculum mixtures o f S. 
hermonthica and S. aspera at different rates (1 -5 ) .
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aspera seed inoculum loads (Fig. 19). In Experiment 2, there was a reduction in the number 
o f emerged S. aspera with increases in S. hermonthica seed inoculum, except in treatment 
(5) which recorded the same number o f emerged S. aspera plants as in treatment (1).
Effect o f  dual infection o f  maize on total number o f emerged parasites 
The cumulative estimates o f the emergence pattern o f S. aspera and S. hermonthica 
plants in all the infected treatments in both experiments is shown in Fig. 20. Treatments 
infected with only S. aspera seed inoculum recorded the highest number o f emerged parasites 
per maize plant, while treatments infected with only S. hermonthica seed inoculum recorded 
the least number o f emerged parasites per maize plant The mixture treatments o f Experiment 
1 showed a progressive increase in the number o f emerged parasites with increases in S. 
aspera seed inoculum. No such trend was evident with increases in the S. hermonthica seed 
inoculum in the mixture treatments o f Experiment 2.
Effect o f  dual infection on maize height a t firs t parasite emergence and at harvest 
At first parasite emergence, maize heights in all the infected treatments were less than 
the uninfected control. Most stunting in maize was observed in all the mixture treatments and 
treatments infected with only Striga aspera (Fig. 21). The heights o f maize plant in 
treatments infected with only S. hermonthica showed less stunting than in the other infected 
treatm ents. A similar pattern was also observed in maize plant height at harvest. 
Nevertheless, unlike the maize height at first parasite emergence, at harvest, more contrast 
was evident between the infected and uninfected treatments (Fig. 22). Maize height in any 
infected treatments with S. aspera was small and the same regardless o f inoculum density. 
Maize height reduction in these treatments was severe compared with those infected by S. 
hermonthica or the uninfected control. The mean maize plant height in the uninfected control
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Fig. 20. Effect o f dual infection of maize with Striga aspera and Striga 
hermonthica on total number of emerged parasites per maize plant. SA = 
maize infected with S. aspera only, SH = maize infected with 5. 
hermonthica only and maize infected with seed inoculum mixtures of S. 
aspera and S. hermonthica at different rates (1-5).





Striga hermonthica Striga aspera
Fig. 21. Effect of dual infection of maize with Striga aspera and Striga hermonthica 
on maize plant height at first parasite emergence. 0  = uninfected control, S A = maize 
infected with Striga aspera only, SH = maize infected with S. hermonthica only and 
maize infected with seed inoculum mixtures of S. aspera and S. hermonthica seeds at 
different rates (1 -5 ) .
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Striga aspera Striga hermonthica
Fig. 22. Effect o f dual infection o f maize with S. aspera and S. hermonthica on 
maize plant height at harvest. 0  = uninfested control, SA = maize infected with S. 
aspera only, SH — maize infected with S. hermonthica only and maize infected with 
seed inoculum mixtures of S. aspera and S. hermonthica at different rates (1 - 5).
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treatments was between 75-82 cm. Compared with the control treatments, maize plants 
infected with only S. hermonthica were stunted by 41-52% while those infected with Striga 
aspera only and mixtures o f seed inoculum from both species were shorter than the control 
treatments by 67-79%.
Effect o f  dual infection on maize shoot biomass at harvest 
The dry maize shoot biomass yield at harvest from all the treatments o f Experiment 1 and 
Experiment 2 were similar. Compared with the uninfected controls, all the infected 
treatments had less above ground maize biomass (Fig. 23). The treatment infected with only 
S. hermonthica had 67-70% less biomass than the uninfected controls. Treatments with seed 
mixtures o f either species or S. aspera only had 80-90% less maize shoot biomass yield than 
the uninfected controls.
Effect o f  dual infection on maize senescence 
The patterns of maize senescence in Experiment 1 and Experiment 2 were similar (Fig. 
24). Early maize senescence at between 60 and 75 DAP was recorded in treatments infected 
with only Striga aspera and those with seed mixtures. Senescence in treatments infected with 
only S. hermonthica and the uninfected controls occurred after 80 DAP.
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Striga hermonthica
Fig. 23. Effect dual infection of maize with Striga aspera and S. hermonthica on dry 
maize shoot biomass at harvest. 0 = uninfested control, S A = maize infected with 5. 
aspera only, SH = maize infected with S. hermonthica only and maize infected with 
seed inoculum mixtures of S. aspera and S. hermonthica at different rates (1 - 5).
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Experiment 2
Striga aspera Striga hermonthica
Fig. 24. Effect of dual infection o f maize with Striga aspera and Striga 
hermonthica on the incidence of senescence in maize in days after planting 
(DAP). 0 = uninfected control, SA =  maize infected with S. aspera only, SH = 
maize infected with S. hermonthica only and maize infected with seed inoculum 
mixtures o f S. aspera and S. hermonthica at different rates ( 1 - 5).
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DISCUSSION
This study is the first documented evidence that Striga aspera and S. hermonthica can 
simultaneously infect a  common host, suggesting the possibility o f  both species infecting a 
common maize host in nature. Such simultaneous infections in maize were also shown to be 
accompanied by a negative interaction between the two parasites with a tendency for S. 
aspera to inhibit the emergence o f S. hermonthica. Mechanisms involved in how S. aspera 
inhibits S. hermonthica is unknown and was not addressed in this study.
In the ecological sense, Striga aspera and S. hermonthica are poor competitors because 
they have evolved to be successful competitors in the intensely managed and regularly 
disturbed habitats in cultivated fields (Zimdahl 1993). Findings in this study suggest that S. 
hermonthica may be less competitive than S. aspera since it is suppressed in the presence of 
S. aspera. The aggressive and therefore more competitive nature o f S. aspera may be because 
it grows independently on native wild grasses while S’, hermonthica is mostly associated with 
cultivated cereals in agroecosystems.
The significance o f  the interaction between the treatments and cultivars in Experiment 
1 may be due to the tolerance response of cv 8322-13 to S. hermonthica, which was 
maintained at a constant density. This trend was not evident in Experiment 2 where Striga 
aspera was maintained at a constant density. This suggests that the tolerance o f cv 8322-13 
to S. hermonthica may be responsible for the significant interactions recorded in Experiment 
1. The use o f  only the susceptible maize cultivar 8338-1 for the analysis was however 
justified because two factors were varying simultaneously due to the tolerance of cv 8322-13 
to S. hermonthica. This confirms the tolerance of cv 8322-13 to S. hermonthica as earlier 
reported (Kim 1991, Kim and Adetimirin 1997).
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Evidence from this study showed fewer emerged parasites when both species were 
present compared to when only one species was present, although treatments with both 
species in mixture had more inoculum load than in treatments with only one species. In 
Experiment 1, the lower number o f emerged S. aspera plants in the mixture treatment (5) 
compared with the sole S. aspera treatments, which had equal amounts o f S. aspera seed 
inoculum load, may be attributed to the presence o f S. hermonthica in the mixture treatment. 
This reduction in parasite emergence was, however, not evident in Experiment 2, where S. 
hermonthica seed inoculum was progressively increased. The emergence pattern o f S. 
hermonthica in the mixture treatments in Experiment 2 was not consistent because there was 
no corresponding increase in emerged S. hermonthica plants with increases in S. hermonthica 
seed inoculum. This was unlike the mixture treatments in Experiment 1, where the number 
o f emerged S. aspera plants increased with increases in S. aspera seed inoculum. The 
apparent reduction of emerged S. hermonthica by S. aspera in the mixture treatments 
suggests some kind o f negative interaction between them. This may explain why both species 
are rarely found together in nature infecting a common host despite their joint occurrence in 
nature.
Emerged S. aspera plants appeared suppressed by the presence o f S. hermonthica in 
treatment (4) in Experiment 2, while fewer S. hermonthica plants emerged in all the mixture 
treatments than in treatments with only S. hermonthica. Fewer S. hermonthica plants 
emerged in the mixture treatments with increasing Striga aspera inoculum load suggesting 
that high seed inoculum density o f S. aspera in the mixture treatments contributed directly 
to the decrease in the number o f  emerged S. hermonthica plants.
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The reduction o f  emerged S. hermonthica plants manifested in the mixtures treatments 
suggest some kind o f inhibition of S. hermonthica because o f the presence of S. aspera. More 
emerged parasites were expected from the mixture treatments than for treatments with a 
single species considering the added parasite seed inoculum load in the mixtures treatments. 
Evidence from both experiments in this study suggests that the emerged S. aspera in 
treatments infected with only S. aspera was more than (or equal to in case o f Experiment 2) 
the number o f emerged S. aspera plants in mixture treatments.
The exact mechanism responsible for the suppression o f S. hermonthica by S. aspera is 
not clear. It is also not known whether the observed interactions between two parasitic weeds 
on a common host were because of competition for nutrients from the host or due to 
chemical interference or inhibition. However, if  the suppression o f  S. hermonthica by S. 
aspera is because o f competition, this may suggest that S. aspera have a greater intrinsic rate 
o f growth on maize roots than S. hermonthica. According to Gause’s principle o f competitive 
exclusion (Atlas and Bartha 1993), two species competing for the same resources will grow 
until they finally come into competition where only the species with the greater intrinsic rate 
to increase will normally survive.
O f the parasites established on the host root, only a small proportion may appear above 
ground at any one time. Previous works have shown that the total number o f attached and 
emerged S. hermonthica plants that can be supported by the host at any one time is limited 
(Webb and Smith 1994). The number o f  the parasites on sorghum roots was reported to 
increase rapidly in the first five weeks after sowing and then remain constant (Andrews 1945, 
Last 1960). Estimates o f  only 10-30% o f attached parasites emerged even at high levels of
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S. hermonthica infestation (Andrews 1945, Doggett 1965,Webb and Smith 1994) suggest 
that already established parasites compete for nutrients.
Watkinson and Gibson (1988) have shown that the interaction between two plant species 
is strongly affected by the presence o f a third, whether it is a  parasitic plant, pathogen, 
herbivore or mutualist. Competition among closely related populations has been reported to 
cause ecological separation (Atlas and Bartha 1993).
Except for treatments infected with S. hermonthica only, maize performance in the other 
infested treatments (with either S. aspera only or in mixtures o f S. aspera and S. 
hermonthica) showed no significant differences. Compared with the uninfected control, the 
maize plant height o f both maize cultivars in treatments infected solely with Striga aspera 
were more stunted than those infected with only S. hermonthica. However, maize plant 
heights in all the mixture treatments were similar to maize plant height from treatments 
infected with only S. aspera. This implies that the presence o f S. aspera in the mixture 
treatments was directly responsible for the severe reductions in maize height and shoot 
biomass recorded in these treatments. Though no significant reduction in maize height was 
evident at first parasite emergence between treatments infected with only S. hermonthica and 
the uninfected control, the effects of S. hermonthica attack on the maize plants were evident 
at harvest time. These effects were, however, moderate and much less than those from 
treatments with Striga aspera.
The reduction in the maize shoot biomass in the infected treatments supports findings in 
earlier studies about the reduction in the overall productivity o f glasshouse and field 
experiments involving hemiparasites (Parker 1984b, Matthies 1995). Matthies (1995) showed 
that the presence o f facultative hemiparasites affected Medicago sativa more than would
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another M. sativa individual and that shading o f the parasite by the host plant, competition 
for light, was significant. He reported that the relationship between the hemiparasites and 
their host was different from both the interactions between two autotrophic plants and 
between a holoparasite and its host.
The reduction in the total maize shoot productivity per maize plant in the infected 
treatments compared with the uninfected control treatments suggests that the parasites have 
lower efficiency of resource utilization than the host. The reductions in the overall number 
o f emerged parasites per host in the mixture treatment established in this study suggests that 
a negative interaction exists when S. aspera and S. hermonthica are simultaneously attached 
to a common host. This could explain why, though both species can simultaneously infect 
and grow on a common host plant, they are rarely found together as such on a common host 
in nature.




The patterns of growth and development stages o f  Striga aspera and S. hermonthica on 
m aize roots monitored using polythene bags in vitro culture and screenhouse pot experiments 
were different. Life cycles in S. aspera, including below and aboveground development, 
lasted for 75 days (26 days below ground and 49 days above ground). In Striga hermonthica, 
the life cycle lasted for 90 days (32 days below ground and 58 days aboveground). These 
find ings explain why S. aspera emerges earlier than S. hermonthica in nature.
The comparative distribution of S. aspera and S. hermonthica in Nigeria showed that 
both species were restricted to the semi arid regions o f Nigerian savanna and mid-altitude 
ecological zones. These are found between latitude 7° and 15° North of the equator and 
longitude 7° and 15° East. The distribution of S. aspera, however, was less widespread than 
S. hermonthica in Nigeria Physical and chemical analysis o f soils collected at sites with S. 
aspera plants showed that S. aspera plants thrive best on neutral to weakly acidic and 
nutrient deficient soils of the sandy loam and sandy type. Typical habitats for S. aspera were 
defined as open, moist and disturbed roadway depressions where rainwater accumulates. 
Wild native grasses were the major host for S. aspera in Nigeria, but maize and the local 
food staple “Hungry rice” or “Fonio” (Digitaria exilis) served as common hosts in the Jos 
Plateau. Striga hermonthica and S. aspera were not found growing simultaneously together 
in areas where they are sympatric. Striga aspera was commonly found on sparse vegetation 
along paths adjourning roadways while S. hermonthica was found further away from 
roadways on cultivated farmlands growing on crop cereals like maize, sorghum, millet, rice 
and occasionally wild grasses.
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A new procedure was developed for chromosome counts from shoot tip squashes o f 
seedlings in Striga species. This procedure established that chromosome count for Striga 
aspera was n=18 and n=19 for Striga hermonthica. These counts are the first o f  their kind 
linking both species as genetically close. Hybridization results showed that S. aspera and S. 
hermonthica could be intercrossed and their hybrids successfully backcrossed to either 
parent The reproductive success in all crosses ranged from 68 to 95%, and seeds o f all the 
crosses were viable, germinated on exposure to a synthetic germination stim ulant and were 
pathogenic on maize. Small sized capsules were formed, mostly in the hybrids and backcross 
whose seeds had less viability and germination than either parent suggesting that the two 
species were not 100% compatible. These results suggest that the two species are closely 
related, but are separate taxa perhaps at the subspecies level. Germination o f Striga 
hermonthica seeds reached 31% at 28 days after pollination while equivalent germination o f 
S. aspera  and the F, hybrids seeds occurred much later. Periodic seed germination peaks 
were observed for all the seeds tested.
Genetic and morphologic characteristics o f Striga aspera and Striga hermonthica and 
their hybrids were analyzed using clusters generated from random amplified polymorphic 
DNA markers and principal component and hierarchical cluster analysis based on 13 
morphological characteristics. The morphological and genetic analyses revealed two major 
clusters separating S. aspera from S. hermonthica. Genetic similarity was 55% and, 
morphologic similarity was 50%. F, hybrids showed closer genetic affinity to their maternal 
parents and, morphologically, the F, hybrids formed clusters that were distinct and 
intermediate to the parents. Most o f  the F2s and backcrosses were morphologically similar 
to S. hermonthica. Comparative morphological analysis o f wild and hand-pollinated
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
100
populations showed that a few samples clustered close to the hybrids, suggesting that F, 
hybrids may exist in nature.
Effects o f host parasitization o f S. aspera, S. hermonthica and their reciprocal F , hybrids 
on the two maize cultivars tested, showed that the reciprocal F, hybrid: S. aspera (female) 
X S. hermonthica (male) or SA/SH and S. hermonthica (female) X S. aspera (male) or 
SH/SA could parasitize maize. The effects o f maize parasitization by Striga aspera, S. 
hermonthica and their reciprocal F, hybrids showed different levels of severity. Maize plants 
grown in treatments infected with the F, hybrid SH/SA supported the highest number of 
emerged parasites per maize plant, caused early senescence and the severest stunting o f the 
maize plants than in others. The relative order o f virulence and aggressiveness on maize 
plants was as follows: SH/SA > S. aspera > S. hermonthica > SA/SH. The differential 
virulence and aggressiveness o f the Fi hybrids on maize suggest that, if  present in nature, 
hybrids may be a source of strains observed within the natural population of S. hermonthica.
Phenologically, the F, hybrid SH/SA and Striga aspera emerged above ground and 
flowered earlier than S. hermonthica and the F, hybrid SA/SH. Time to emergence and 
flowering were shown to be useful in distinguishing the reciprocal F, hybrids from the 
parents.
Striga aspera and S. hermonthica are sympatric in Nigeria but are rarely found infecting 
the same plant host simultaneously. Pot studies infested with both species in proportionate 
binary mixtures and planted with maize showed that both species can simultaneously infect 
and develop successfully on a single maize host. All infected maize plants were stunted 
especially in treatments infested with S. aspera and those infested seed mixtures from both 
species. Maize grown in treatments infested with either of the species alone supported higher
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numbers o f emerged parasites than treatments with mixtures o f both species. Treatments with 
mixtures o f both species had more emerged S. aspera than S. hermonthica at any of the seed 
rates treatments used. In treatments in which both species were mixed, the number of 
emerged S. aspera plants increased with increases in S. aspera seed inoculum and a decline 
in emerged S. hermonthica. However, no reduction in the number of emerged S. aspera 
plants was evident in the mixture treatments as S. hermonthica seed inoculum increased. This 
suggests that Striga aspera and S. hermonthica may be in competition when both species 
infect a common maize plant with the tendency o f S. hermonthica being competitively 
excluded.
This study has shown that Striga aspera has the potential of being a greater threat to 
maize cultivation in Africa than earlier envisioned. The ability o f S. aspera and S. 
hermonthica to hybridize, producing virulent and fertile hybrids, is novel in Striga research. 
This finding has introduced another paradigm in effecting a lasting solution in controlling 
the menace o f these pests. It may in fact be the vital key needed to unravel the mystery 
behind finding a solution to the scourge o f Striga  to African agriculture that has until now 
defied any practical solution.
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APPENDIX 2
EXAMPLES OF CHROMOSOME SPREAD FROM SHOOT TIP SQUASHES OF 
STRIGA ASPERA  (A) AND STRIGA HERMONTHICA (B).
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APPENDIX 3 A
PCR AMPLIFICATION OF STRIGA ASPERA (SA/SA), STRIGA HERMONTHICA 
(SH/SH) AND THEIR F, RECIPROCAL HYBRIDS (SA/SH) AND (SH/SA) USING 
kb  PRIMERS OPB-05 AND OPB-18.
3.0
OPB-05
12 11 10 9 8 7 6 5 4 3 2 1 M
OPB-18
M l  2 3  4 5 6 7 8 9 10 11 12 C
1, 5, 9 =  S. aspera (SA/SA); 2, 6, 10= S. hermonthica (SH/SH); 3, 7, 11= SA/SH; 
4, 8, 12= SH/SA; M = lkb Molecular maker; C = Water control.
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APPENDIX 3B
PCR AMPLIFICATION OF STRIGA ASPERA (SA/SA), STRIGA HERMONTHICA 
(SH/SH) AND THEIR F, RECIPROCAL HYBRIDS (SA/SH) AND (SH/SA) USING
0.5 -
OPC-02
M 1 8 9 10 11 12 C
OPF-16
M l  2 3 4 5  6 7 8 9  10 11 12 C
1, 5, 9 = S. aspera (SA/SA); 2, 6, 10= S. hermonthica (SH/SH); 3, 7, 11= SA/SH; 
4, 8, 12= SH/SA; M = lkb  Molecular maker; C = Water control.
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APPENDIX 3C
PCR AMPLIFICATION OF STRIGA ASPERA  (SA/SA), STRIGA HERMONTHICA 
(SH/SH) AND THEIR F, RECIPROCAL HYBRIDS (SA/SH) AND (SH/SA) USING 





M l  2 3 4 5 6 7 8 9 10 11 12 C
1, 5, 9 = S. aspera  (SA/SA); 2, 6, 10= S. hermonthica (SH/SH); 3 ,7 , 11= SA/SH; 
4, 8, 12= SH/SA; M  = lkb Molecular maker; C =  Water control.
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APPENDIX 3D
PCR AMPLIFICATION OF STRIGA ASPERA (SA/SA), STRIGA HERMONTHICA 
(SH/SH) AND THEIR F, RECIPROCAL HYBRIDS (SA/SH) AND (SH/SA) USING








M 1 2 3 10 11 12
1, 5, 9 = S. aspera (SA/SA); 2, 6, 10= S. hermonthica (SH/SH); 3, 7, 11= SA/SH; 
4, 8, 12= SH/SA; M = lkb  Molecular maker; C = Water control.
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APPENDIX 4
DATA MATRIX OF PRESENCE (1) OR ABSENCE (0) OF RAPD MAKERS FROM 
EIGHT PRIMERS USED IN GENETIC ANALYSIS OF STRIGA ASPERA (SA), 
STRIGA HERMONTHICA (SH) AND THEIR F, HYBRIDS.
Striga samples
P rim er
OPB-05 OPB-13 OPB-18 OPC-02
S. aspera 1 1 0 0 1 1 1 1 1 1 0  1 1 1 0 0 0 0  I 1 0 0  ! 1 1 1 0 1 1 1 1 1 1 1 0 0
S. herm onthica I 1 1 1 0 1 0 1 1 1 0 0 0  1 1 0 0  1 0 0 1 1 1 1 1 1 1 1 0 0  1 I 1 1 1 1
SAXSH 1 1 0 0 1 1 1 1 1 1 0  10  1 0 0 0 0 1 10  1 1 1 1 1 0 1 1 1 1 1 1 I 1 1
SHXSA 0 1 1 1 0  1 0  11 1 1 0  1 1 0  1 0  1 0 0 1 1 0 I 1 0 1 1 0 0 1 1 1 1 1 1
S. aspera 1 1 0 0 1 1 1 1 1 10  1 1 1 1 1 1 1 0 I 0 1 1 I 1 1 0 0 1 0 1 1 0 1 0 0
S. herm onthica 0 1 1 1 1 1 0  11 1 1 0 0  1 0 0 0 0 0 0 1 1 1 0  11 1 1 0 0 1 1 1 1 1 1
SAXSH 1 1 0  1 1 1 1 1 1 1 0  1 1 1 0 0 0 0 0 1 0 0 1 1 1 1 0 1 1 1 1 1 1 1 11
SHXSA 0 1 1 1 0  1 0  11 i 1 0 0 1 0 0 1 1 0 0 1 I 0 1 1 0 0 1 0 0  I 1 1 1 1 1
S. aspera 1 1 0 0 1 1 1 1 1 10  1 0  1 0 0 0 1 0 1 0 0  I 1 I 1 0 1 1 1 1 1 1 1 1 1
S. herm onthica 0 1 1 1 0 I 1 1 1 1 0 0 0  1 0 1 1 1 0 0 1 1 0 I 1 0 0 1 1 1 1 1 1 1 11
SAXSH 1 1 0 0 1 1 0 1 1 1 0  1 1 1 0 0 0 1 0 1 0 0 1 1 1 1 0 1 1 1 1 1 1 1 11
SHXSA 0 10  1 0  1 0  11 1 0 0 0  1 0 0 0  1 0 0 1 1 0  1 1 1 0 1 1 1 1 1 1 1 11
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APPENDIX 4 continued 
DATA MATRIX OF PRESENCE (1) OR ABSENCE (0) OF RAPD MAKERS FROM 
EIGHT PRIMERS USED IN GENETIC ANALYSIS OF STRIGA ASPERA (SA), 
STRIGA HERMONTHICA (SH) AND THEIR F, HYBRIDS.
Striga sam ples
P rim er
OPD-18 OPE-02 OPF-16 OPO-02
S. aspera 110 1 1 1 1 1 10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
S. hermonthica 0 10 1 1 1 1 1 0 0 1 1 1 1 1 0 0 1 1 1 0  10 11 0 0 1 1 1 1
SAXSH 0 1 1 1 1 1 1 1 10 1 1 1 1 0 0 1 1 10 1 1 1 1 1 0 1 1 1 1 0
SHXSA 0 10 1 1 1 1 1 00  1 1 1 0 0 0 0  1 1 1 1 1 1 1 1 0 1 1 1 1 1
S. aspera 110 1 1 1 1 1 1 I 1 0 1 0 0  1 I 1 1 1 I 10 1 I 1 I 1 1 I 0
S. hermonthica 10 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 I 0 0 0 1  1 0 10 1 1 1 0
SAXSH 110 1 1 1 1 1 1 I 1 0 1 0 1 1 1 1 10 1 1 1 1 0 1 1 1 1 1 1
SHXSA 110 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 0 1 1 1 1 0
S. aspera 1 1 0 0 1 1 1 1 1 1 I 1 1 1 1 I 0 1 1 0 0 1 0 1 0 0 0 1 1 1 0
S. hermonthica 0 10 1 1 1 1 1 0 0 1 0 1 1 0 0 0 1 1 0 0 0  110 0 0 1 1 1 0
SAXSH 0 10 1 1 1 1 1 1 1 1 1 1 1 0  111 1 0 0 1 1 1 0 1 1 1 1 1 0
SHXSA 0 10 1 1 1 1 1 00  1 1 1 0 1 I 0 1 1 0 0 1 1 1 0 0 1 1 1 1 0
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APPENDIX 5
DENDROGRAM SHOWING GENETIC SIMILARITY BETWEEN 
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APPENDIX 6
DENDROGRAM SHOWING GENETIC SIMILARITY BETWEEN THE 
RECIPROCAL F, HYBRIDS OF STRIGA ASPERA (SA) AND STRIGA 
HERMONTHICA (SH). Ft-1 =  SAXSH, F l-2  =  SHXSA.
55
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APPENDIX 7
SUMMARY OF TOTAL VARIATIONS ON THE FIRST PRINCIPAL COMPONENT 
(PRIN 1) AND MORPHOLOGICAL CHARACTERS USEFUL IN SEPARATING 
POPULATIONS OF STRIGA ASPERA, STRIGA HERMONTHICA, THEIR F, AND F2
HYBRIDS, BACKCROSSES ON PRINCIPAL COMPONENT ANALYSIS.
Classes compared
Total variation 
accounted for by 
PRIN 1
Characters useful in separating 
classes on PRIN 1 in a decending 
order of importance
S. aspera and S. hermonthica 63% length of calyx
length of pistil
length of lower corolla tube
leaf width
Reciprocal F, hybrids 51% length o f flower 
keel diameter 
length of corolla lobe
F2 hybrids and backcr<sses 65% length of flower 
length o f calyx 
length o f ovary
Parental and reciprocal F, hybrids 47% length of bract 
length of calyx 
length of pistil
Parental, F, hybrids, F2 hybrids and 
backcrosses
43% length o f calyx 
length of ovary 
length o f upper corolla tube
Wild population 53% Length o f calyx
width of 3 fused corolla lobes
length of pistil
Parental, reciprocal F, hybrids and Wild 
population
35% leaf length 
leaf width
length of calyx teeth
F2 hybrids, backcrosses and Wild 
population
35% width of 3 fused corolla lobes
length o f flower
length of upper corolla tube
Parental, F, hybrids, F2 hybrids and 
backcrosses and Wild population
36% length o f flower
width of 3 fused corolla lobes
length of corolla lobe


















COEFFICIENTS AND EIGENVALUES FOR THE FIRST TWO PRINCIPAL COMPONENTS OF POPULATION MEANS OF 13 
MORPHOLOGICAL TRAITS IN EIGHT COMPARATIVE GROUPS OF HAND-POLLINATED AND WILD SAMPLES OF STRIGA














Parental, F, and 
F, hybrids and 
Backcrosses
Parental, F, and 
wild population
F, hybrids and 
backcrosses and 
wild population





PCI PC2 PCI PC2 PCI PC2 PCI PC2 PCI PC2 PCI PC2 PCI PC2 PCI PC2
leaf width 0336 0.079 -0.10 0.486 0.217 0.324 0.332 -0.02 0.243 -0.27 0.384 0.010 0.312 0.204 0.143 0.372
leaflenght 0.333 -0.05 •0.16 0389 0.243 -0.17 0.349 -0.03 0.290 -0.23 0387 -0.009 0.346 0.188 0.174 0.364
keel diameter -0.07 -0.07 0J66 0.131 0.266 -0.09 -0.047 0.431 0.218 0.331 0.113 0.305 0.314 -0.147 0.314 0.003
width o f 3 fused corolla 0.178 0.524 0.286 •0.12 0.319 -0.22 0.079 0.396 0.317 0.216 0.218 0.338 0.428 •0.079 0381 0.106
length of flower -0.10 0356 0J79 •0.05 0328 -0.15 •0.086 0.465 0.260 0.363 0.058 0.426 0360 -0.245 0397 •0.06
length of lower corolla tube -033 0.002 0.316 0.289 0.274 0.293 -0.335 0.186 0.007 0.408 -0.334 0.086 -0.056 •0.251 0.062 •0.34
length of upper corolla lube 0.285 0.200 0.327 -0.15 0.213 -0.48 0.269 0.278 0J33 -0.01 0.312 0.275 0363 -0.011 0.323 0.238
length of corolla lobe -0.07 0.545 0342 0.002 0.299 -0.25 -0.070 0.440 0.263 0.331 0.091 -0.447 •0.002 0.248 -0377 0.218
length of calyx teeth 0.313 -0.18 0.199 •0.25 0.263 0.300 0.349 0.046 0.305 -0.20 0336 -0.108 0.116 0.397 •0.038 0373
length of calyx 0338 -0.01 0.281 -0.24 0.325 0.024 0360 0.136 0381 -0.10 0.288 -0.331 0.052 0.477 -0.220 0383
length of bract 0.331 -0.10 •0.10 -0.37 0.262 0,347 0379 -0.04 0.287 -0.27 0.302 0.106 0.321 0.000 0.266 0.228
length o f pistil -0.33 -0.03 0.260 0.400 0.235 0396 -0355 0.118 •0.088 0.412 0.229 0.238 0.330 -0.050 0.290 0.140
length o f ovary 0.303 0.125 0.279 0.198 0.320 -0.15 0.198 0.306 0360 0.090 -0.282 0.370 0.043 •0.565 0.299 -0.36




DENDROGRAM SHOWING MORPHOLOGICAL SIMILARITY BETWEEN STRIGA 
ASPERA (PI) AND STRIGA HERMONTHICA (P2).
50 55
% similarity 
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APPENDIX 10
DENDROGRAM SHOWING MORPHOLOGICAL SIMILARITY BETWEEN 
RECIPROCAL F, HYBRIDS FROM INTERSPECIFIC HYBRIDIZATION OF STRIGA 
ASPERA (SA) AND STRIGA HERMONTHICA (SH). (Fl-1 = SAXSH, F l-2  = SHXSA).
60r 70
%  similarity 
80 90 100
1
- F I  -I 
— FI -I
" F I -1 
- F I  -2
- F I  -1 
-F I  -2
FI -2
FI -2
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APPENDIX 11
DENDROGRAM SHOWING MORPHOLOGICAL SIMILARITY BETWEEN WILD 
SAMPLES OF STRIGA ASPERA (-SA) AND STRIGA HERMONTHICA (-SH) 
COLLECTED FROM DIFFERENT LOCATIONS IN NIGERIA.
70
% sim ilarity  
80 90 100
~ K ano-SA  
_ B adegg i-S A
-  B agauda-SA
- Bunaji-SA




B adegg i-S A  
K ano-SA  
S ara-S A  
B adeggi-SA  
B agauda-SA  
B adeggi-SA  
B adeggi-SA  
M okw a-SH 
A buja-SH  
K ano-SH  
K ano-SH
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APPENDIX 12
DENDROGRAM SHOWING MORPHOLOGICAL SIMILARITIES AMONG STRIGA 
ASPERA (P I), STRIGA HERMONTHICA (P2), AND THEIR RECIPROCAL F, 
HYBRIDS. (SAXSH = F l-1, SHXSA = Fl-2).
% sim ilarity









P 2  
P2  
P 2  
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APPENDIX 13
PLOT OF THE FIRST TWO PRINCIPAL COMPONENTS FROM PRINCIPAL 
COMPONENT ANALYSIS OF 13 MORPHOLOGICAL CHARACTERS FROM F2 
HYBRIDS (F2-I, F2-2, F2-3, F2-4) AND BACKCROSSES (BCI-BC8) FROM 
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APPENDIX 14
DENDROGRAM SHOWING MORPHOLOGICAL SIMILARITIES AMONG F2 
HYBRIDS (F2-1, F2-2, F2-3, F2-4) AND BACKCROSSES (BC1-BC8) FROM 
CROSSES BETWEEN STRIGA ASPERA, STRIGA HERMONTHICA AND THEIR F,
HYBRIDS.
%  sim ilarity








- B C - 2  
- B C - 7  
-B C -7  
-B C -2  
- F 2 - 3  
-B C -3  
-B C -3  
-B C -6  
-B C -8  
-F 2 -4  
-B C -8  
-B C -7  
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APPENDIX 15
DENDROGRAM SHOWING MORPHOLOGICAL SIMILARITIES AMONG HAND- 
POLLINATED STRIGA ASPERA , STRIGA HERMONTHICA, THEIR F,. HYBRID 
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DENDROGRAM SHOWING MORPHOLOGICAL SIMILARITIES AMONG
WILD AND HAND-POLLINATED SAMPLES OF STRIGA ASPERA, STRIGA
HERMONTHICA,THEIR F, RECIPROCAL HYBRIDS, F, HYBRIDS (F2-1, F2-2,
F2-3, F2-4) AND BACKCROSSES (BC1-BC8).
% similarity
70 80 90 100
















__________ ___________  Fl-2
---------------- F2-2
---------------- BC-1
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---------------- 1----------------  BC-6
--------------------------------------------------  Fl-1


















SUMMARY OF SOME MORPHOLOGICAL CHARACTERISTICS OF STRIGA ASPERA, STRIGA HERMONTHICA 
AND THEIR HYBRIDS AND BACKCROSSES.































30* present very high 20-35 copious, rarely 
absent
two times 





Typical Striga aspera 
fragile with slender leaves, 




SH/SH robust/ maroon 
then green
0* absent high 20-32 copious, rarely 
absent




Typical Striga hernonthica, robust 
with large leaves, inflorescence in 
dense spike
F, hybrid SA/SH fragile/ bright 
red then green
10* present rarely 
absent
moderate 27-36 low, absent 
sometimes
two times 





Typical F, hybrid intermediate 
between o. aspera and S, 
hermonthica. Large flowers 
inflorescence in loose spike






very high 23-33 low, absent 
sometimes
two times 





Typical F, hybrid, intermediate 
between S. aspera and S. 
hermonthica. Medium flowers 
inflorescence in loose spike





high 24-32 absent two times 





Plants appear like a hybrid with 
loose spike and well developed 
axillaiy branches, a few were albino 
(colorless)









not Plants appear like a typical F, 
hybrid, some with abnormal anther 
sacs with corolla-like structures 
recorded














Plants appear like a typical F, hybrid 
inflorescence in loose spike
F, hybrid SH/SA //SH/SA fragile/red to 
albino (white) 
then green
30* present rarely 
absent
high 30-34 copious, rarely 
absent
two times 





Plants appear like a typical F, 













































Stigma General appearance and other 
unique morphological features









Plants appear like S. cupera 
inflorescence in loose spike
Backcross SH/SA//SH fragile/red to 













Plants appear like a typical F, hybrid 
with well developed axillary 
branches. Inflorescence in dense 
spike









Plants appear like S. aspera with 
very small flowers. Inflorescence in 
loose spike
Backcross SA//SH/SA fragile/red to 
light green




as long as 
ovary
bifid Plants appear like typical hybrid, 
long calyx (13mm), calyx teeth 
(6.6mm) and pistil length (8mm) and 
fewer calyx lobes (4) were recorded
Backcross SH // SA/SH robust/bright 
red turning 
green




as long as 
ovary
bifid Plants robust like S. hermonthica 
but looks fragile, corolla bend like in 
a typical hybrid
Backcross SH IISH/SA fragile/red then 
green








Plants robust like S, hermonthica 
Inflorescence in dense spike. Few 
cases with extra calyx and corolla 
lobes recorded.
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